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PREFACE

Soon after its founding in 1952, the Advisory Group for Aerospace Research and
Development recognized the need for a comprehensive publication on flight test techniques
and the associated instrumentation. Under the direction of the AGARD Flight Test Panel
(now the Flight Mechanics Panel), a Flight Test Manual was published in the years 1954 to
1956. The Manual was divided into four volumes: I. Performance, II. Stability and Control,
III. Instrumentation Catalog, and IV. Instrumentation Systems.

Since then flight test instrumentation has developed rapidly in a broad field of sophisti-
cated techniques. In view of this development the Flight Test Instrumentation Group of the
Flight Mechanics Panel was asked in 1968 to update Volumes IIl and IV of the Flilght Test
Manual. Upon the advice of the Group, the Panel decided that Volume III would not be
continued and that Volume IV would be replaced by a series of separately published mono-
graphs on selected subjects of flight test instrumentation: The AGARD Flight Test
Instrumentation Series. The fiust volume of the Series gives a general introduction to the
basic principles of flight test instrumentation engineering and is composed from contribu-
tions by several specialized authors. Each of the other volumes provides a more detailed
treatise by a specialist on a selected instrumentation subject. Mr W.D.Mace and Mr A.Pool
were willing to accept the responsibility of editing the Series, and Prof. D.Boman assisted
them in editing the introductory volume. In 1975 Mr K.C.Sanderson succeeded Mr Mace as
an editor. AGARD was fortunate in finding competent editors and authors willing to
contribute their knowledge and to spend considerable time in the preparation of this Series.

It is hoped that this Series will satisfy the existing need for specialized documentation
in the field of Mlight test instrumentation and as such may promote a better understanding
between the flight test engineer and the instrumentation and data processin specialists.
Such understanding is essential for the efficient design and execution of flight test programs.

The efforts of the Flight Test Instrumentation Group members (J.Moreau CEV/FR,
H.Bothe DFVLR/GE, J.T.M. van Doom and A.Pool NLRINE, EJ.Norris A&AEE/UK,
K.C.Sanderson NASA/US) and the assistance of the Flight Mechanics Panel in the prepara-
tion of this Series are greatly appreciated. In particular, credit is due to the late
Mr N.O.Matthews. Mr Matthews was Chairman of the Flight Test Instrumentation Group
from 1976 until 1978 during which period he prepared portions of this volume.

F.N.STOLIKER

Member, Flight Mechanics Panel
Chairman, Flight Test
Instrumentation Group

I•
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'th is volume describes the application of data processing systems to produce data in
support of flight testing. The generalized techniques are appropriate to large test cen-
ters which support multiple testing program simultaneously. The concepts, however, are
as equally valid for a single test program using a dedicated data procissing system.

Starting from a discussion of data sources, the text proceeds to a review of the
considerations required prior to data processing. A simplified discussion of two major
cosipments of data processing - hardware and software - follows. The volume then looks
at the third major component of data processing - the people to make it work. The data
processing in support of flight testing is described according to processing functions.
An attempt is then made to identify potential problem are*ee.

Since every organization which conducts test flights develops its own methods and
techniques for this purpose, it is not always possible to give specific details that can
be universally applied. The intention is to present a general outline of the methods,
techniques, and problems associated with data processing for the benefit of individuals
not experienced in this field. It is hoped that experienced Plight Test Engineers will
be able to make use of this review to assist with instructing new entrants to the field
of flight test data processing and to stimulate future developments.

1.0 INTRODUCTI"ON

The demand for a test flight arises from the nýed for information concerning one or
more characteristics of the aircraft under investigation. But planning cannot be com-
menced until It is stated what specific information is required and if it can actually be
obtained to the required accuracy using the techniques and instrumentation available.
Planning, however, is an iterative process and begins with general requirements. The
requirements need to be discussed and reviewed in developing detailed specifications for
the test planning. instrumentation and data processing. Requestors and producers must
work together from the start, with all participants having a common objective as well as
having an appreciation of each other's processes. Requirements are junt that - "Require-
sents" - the mechanics of satisfying those requirements are what generally undergo change
unless the basic objective is changed or modified. If the specific information required
cannot be obtained, then the requirements must be changed or the flight test delayed.

Quantitative data obtained during flight testing is often not in a form that will
ce•municate to the aircraft develop•ment agency the information that they seek. It is,
therefore, necessary to convert the data into a more meaningful form. The term 'Data
Processing" is applied to this activity, whether it entails making simple manual calcula-
tions or the full use of powerful computers.

For a test flight to be successful, the planning must follow a methodical course.
Normally, a many-s&.ded problem exists, demanding that the planning process converge on
the best compromise. All the personnel requiring information froa a test flight must be
aware of the capabilities, limitations, and accuracy of the proposed methods, instrumen-
tation, and data processing systems. Initially, it is necessary to establish the follow-
inqg

"* The stimuli to be measured, tha accuracy required, and the types of transducers
and signal conditioning to be used.

"* The effect on the results of the capabilities and limitations of available trans-
ducers best able to obtain data that can be processed.

"e The method and posit .on of installation of the transducers to ensure that the
intended stimuli act an them and not som stimuli spurious to requirements, and
that the measuremeart system does not change the characteristic, of the system
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being monitored. Alternatively, if spurious stimuli cannot be avoided, the na-
ture of these stimuli should be established by measuring them in isolation or a
means of isolating and discarding the sparicus stimuli (noise) should be devised.

a The effects on the results of the capabilities and limitations of available sig-nal conditionis.g equipment best able to Withstand the working environment.

a The effects on the results of the capabilities and limitations of data Atorage or
transmission equirment (if required) best able to withstand the working environ-
ment.

e The abtlity of the aircraft to perform maneuvers required for the acquisition of
the required data.

e The effect on the results of the capabilities and limitations of the data proces-
sing system, to include both hardware and software.

9 The effects of the capabilities and limitations of available mathematical tech-
niques that can be employed for the processing of the data in a timely fashion.

e The ability of the personnel to analyse and interpret the processed data to obtain
valid information.

a The effects on the validity of the results arising from the accumulation of lAi-
itations from stimuli to interpretatico of processed data.

e The cost of each part relative to the whole cost, and the whole cost itself.

It can be seen from these stages that, in most cases, each element in the system
reflects itself in all of the others and that the whole system can be no better than its
weakest link. The result is that the first consideration in planning a test flight is
that o0" the effects of the limitations of each element and, most important the limitations
of the system. Although the progressive nature of the "State-of-the-Art* introduces new
capabilities, the inevitable result is a complementary increase in the number of limita-
tions.

2.0 SOURCES OF FLIGHT TEST DATA

Flight test data is derived from two major sources: (1) on-board sensors: and (2)
ground-based instrumentation. Information concerning specific subsystem performance, pro-
pulsion, structural deflections, stability or control, and performance coms from the
signals generated by the on-board transducers and recorded on-board or telemetered to the
ground. Ground-based instrumentation systems usually consist of radar and optical equip-
sent and are used to obtain aircraft trajectory and attitude data. In either case, the method
of recording the data will be selected to optimise the amount which can be sampled and
stored in the smallest time interval and recording madium. Such a recording scheme is
generally unsuitable for direct entry into a computer and requires one or more intermedi-
ate steps to transpose the data into a format which the computer can accept (this is
generally defined as "preprocessing*). When multiple recordings of raw data are made of
some physical phenomena, a requirement for correlation of timing adds another stage of
processing.

2.1 AIRCRAFT CATEGORY

The characteristics and amount of data in dependent upon the type of information
that is sought, which in turn can be dependent upon the category of the aircraft. These
categories are:

2.1.1 Uncertificated Aircraft

e Experimental aircraft used for research.

a Prototype aircraft in development.

a Aircraft test flown for certification.

2.1.2 Certificated Aircraft

e Aircraft used as a "flying platform or test bed" for testing on-board equipment.

e Aircraft used for testing weapons.

9 Research and training (including *flying laboratories").

* Investigation of post-certification deficiencies.

e Flight data recording for fleet life fatigue data or crash investigation.

These categories are treated in detail in Reference 1.
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Generally, test flights on uncertificated aircraft are conducted to yield as
much information a possible, while test flights using certificated aircraft can be con-
ducted for the purpose of obtaining a wmall amount of detailed information.

2.2 DATA TYPES
The types of data that Can be derivoal from test flights and their frequency

ranges vare widely an can be seen from the following important examples.

2.2.1 Aircraft Performance

One of the main reasons for instrumenting an aircraft for either prototype or
research flying is to examine its performance characteristics. This generally involves
low frequency measurements in the range from 0 to 25 Hs. and the vast majority of the
measurements are quasi-static. There is, however, an increasing tendency to obtain per-
formance data from dynamic maneuvers.

2.2.2 Flying Qualities

Similar characteristics can be applied to the examination of aircraft flying
qualities. This involves a different form of instrumentation but, again, normal Flight
Mechanic measurements in aircraft tend to be quasi-static although the phase relationship
characteristics between the various quantities can be of interest. Care is needed in the
handling, recording, and analysis of this type of data.

2.2.3 Power Plant

The majority of power plant performance information such as teomperatures and
pressures are quasi-static, but during evaluation of engine handling qualities dynamic
conditions can be experienced which require measurements in the range of 0 to 50 Hs. In
some cases, vibration measurements have been used as a monitor of the "health" of power
plants in service. Where these techniques have been employed, the measurement responses
range to several thousand Hertz.

2.2.4 Flutter

Airframes flutter characteristically in range 0 to 50 Hs and special techniques
are necessary for handling this type of data. (Reference 2)

2.2.5 Structural Measurements

Mont prototykd aircraft are equipped with strain gauges and similar devices so
that measurement. of the forces present in the structure car. be made during test flight.
This is particularly important when new concepts are involved such as high temperature
flight loads and maneuver loads on highly maneuverable aircraft. (e.q. the MASA YF-12 Hiqh
Temperature Flight Loads Research and joint NASA-USAF Highly Maneuverable Aircraft Techno-
logy (HINAT) Programs.) The normal range of structural measurements is from 0 to 1 kHs.

2.2.6 Vibration Measurements

Components in equipment and weapons carried in or on an aircraft can be serious-
ly affected by vibration levels present. Vibration measurement is becoming increasingly
important, particularly as the range of frequency analysis available in the data proces-
sing facilities become greater. Current vibration analysis techniques covering ranges
from zero frequency to several thousand Hertz reveal that considerable power is being
delivered to components and equipment carried in aircraft at frequencies far outside the
ranges previously suspected. Helicopters are particularly subject to vibration. (Refer-
ence 3)

2.2.7 Avionics

Avionics equipment such as automatic flight control systems have to be flight
tested and some of the electronics signals in this equipment can be at very high frequen-
cies. Test systems need to cover ranges up to tens of thousands of Hz and, in the case
of radaz and similar equipment, up to several hundred megahertz (MBs) .

2.2.8 Acoustic Measurements

Since increasing concern in recant years has been expressed on the noise levels
of aircraft, there is more emphasis on measuring cabin noise and "ground" noise levels
during prototype testing.

2.2.9 Rio-Engineering

Measurements of heart-rate, blood pressure, and other characteristics of the
pilot and aircrew during flight have bcin important, particularly in space flight. The
frequency range of these measurements is relatively low and does not present any basic
data recording problems.

2.3 INSTRUMENTATION SYSTEMS

There are often several vernions of any particular type of equipment that can
be used for the ac uisition, recording, or transmission of data. Even though the
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differences between versions can appear subtle, they can have a large et.lect on the abil-
ity of the data processing equipment to hanAle the data.

2.3.1 On-Board Equipment

Equipment in use today has developed from that used in the early days of test
flying. In many instances, the equipment of today bears little relation to the early
types as a result of present sophisticated techniques. But there are a few cases where
the use of early techniques with modern equipment in the most convenient and sometimes
only means of gathering data.

2.3.1.1 Manual Recording

The first attempts at gathering data on the behavior of aircraft were made by
installing the simple and sometimes crude sensors of the day on the 2iru-raft and arranging
for the indicating part, whether it was a dial or manometer tube, to be within s*ght of
an observer. The readings were then noted at intervals, the minimum length of the inter-
val being dependent upon the number of indicatori to be read and th" number of observers.
Accuracy was generally limited, the process was tedious, and it was difficult to obtain
accurate time correlation among readings from separate sources. Even so, there are in-
stances today where manual recording of instrument readings iv the most convenient and
economical, e.g., ground cilibration data, test f " .ghtevent times. Use of manual re-
cording in flight should be limited to low performance light aircraft only or where time
and/or circumstanues do not warrant a more complete instrumentation system.

2.3.1.2 Photo Recorders
An improvement to manual recording of data by an observer was made by photograph-

ing the indicators with a cine camera and, subsequently, extracting the information from
the developed film. All this did was to transfer the observer's work to the analysis
staff with the advantage that improved time correlation among readings was possible. but
still the data often had to be analysed manually in order to obtain a meaningful presen-
tation of the data.

2.3.1.3 Trace Recorders (Strip Charts)

Concurrent in the development of the trace recorder (or strip chart), which trans-
lates an electrical signal into a trace on paper, came transducers which producod an
electrical signal proportional to the strength of the stimulus. The combination of the
two made a substantial improvement in the recording of data, since it then became possi-
ble to plot simultaneously and automatically many channels of data while the flight was
in progress. Trace recorders could also be used to display data recorded on magnetic
tape, prior to conversion to engineering units. This lead to a technique known as
"quick-lookO which remains a valuable facility to this day. The use of "quick-look" is a
convenient means of scoping and/or reducing the data processing task.

Strip charts for trend information and listings for absolute values is a key
point in display technology. In fact, strip charts are a special case of x-y plots. All
show interrelationship information whereas listings are valuable when actual quantitative
values are desired.

Occasions still arise, as with manual recording, where the use of a trace re-
corder or a photo recorder on-board the aircraft gives sufficient information conveniently
and economically, whether or not other recording techniques are employed at the same time.
This Is particularly true for the instrumentation of light aircraft for simple tests or
where the prime data requirement is for trend information.

2.3.1.4 Magnetic Tape Recorders

Tape recorders soon surpassed the trace recorders in number of parameters which
could be recorded per time interval and had the added advantage of being able to repro-
duce the original data signals electrically.

This form of data recording is still at the *state-of-the-art* and, until solid-
state memories become available, it is likely that the magnetic tape recorder has many
years of duty still to fulfill. Detailed descriptions of magnetic tape recording tech-
niques can be found in Chapter 9 of Reference 1 and Reference 4.

There are three main types of tape format: open reel, cassettes and cartridge.
Other formats not in general use have been developed for special purposes. In addition,
there are four recording modes: direct, frequency modulation, digital, and coeptiter
compatible.

2.3.1.4.1 Tape Formats

Extensive use has been made of the open reel tape recorder since it has the
greatest flexibility in meeting a variety of applications. Although this was the earliest
type of magnetic tape recorder, with refinements and the use of modern techniques, the
fidelity of data reproduction remains superior to other formats.

Open reel machines are available to accommodate one-quarter inch to one inch
wide tape which, in turn, can contain from one to fourteen or more data tracks (special
tapes can be wider, up to 2.5 inches). The tape speed can usually be varied to suit the
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bandwidth of the date. Different tape lengths and spool sizes are available to enable
various recording times to be acommodsted or, conversely, to allow the use of compaot
machines for installation in small spaoes.

The requirement for small dats recorders led to the adaptation of the compact
cassette for any tape length up to an amount sufficient for one hour's recording, The
tael width is one-eighth inch snd the rooordin' siaed is one and seven-eighths inches per
seoond. The combination of these two figures result in a very small rate of consumption
of, tape. It is, therefore, very economical and, in addition, very convenient to handle.

Like the compact cassette, the tape cartridge is of fixed @ime but larger. It
contain* one quarter inch wide four-track tape which is recorded at three and three-
fourths inches per second. The tape is a continuous loop feeding from the hub of a
flangeless spool and returning t3 the perimeter. The bandwidth is better than that of
the cassette and a roaches that of open reel machines running at the same speed. In this
instenoe, it has tcm advantge of cpactness and convenience of handling without so much
ILmitatLio on bandwidth as the cassette.

2f3.1.4.2 Recoading todes

Initially. the only mans of transferring date signals onto tape were by modu-lating the magnetic flux of the record head with the (compensated) data signal. The pro-

owes is known as "direct recording" since the signals contained in the tape coating are
dLeotly rlted to the original signals. The bandwidth obtainable with this mode nor-
mally extends to not less than 50 Me, and up to 100 kHs at high tape speeds. Although
this bandwidth has many applications, such as audio reproduction. it canr.ot accomodate low
frequency flight maneuver or static load signals. Because of this, the techniques of
radio comunieations were applied to produce the frequency modulation mode of recording.
There are two variants, single carrier mode and frequency division multiplex mode.

With the frequency modulation techni ue, recording is possible down to zeroHertz, thereby, allowing static loads and low Irequenoy signals to be recrded. There

are several cmmon standards for single carrier Frequency Modulation (P) rec ing, the
most frequently used being that of the Inter-Range Instrumentation Group (IRIG) whioh
dictates a constat relationship between tape speed, carrier frequency, and bandwidth as
well as defining the track layout. (Reference 5) This enables recorded data to be
replayed at different speeds without altering the characteristics, an important feature
in later procesinq.

The present trend is towards the use of digital form before committing data
signals to tape. The resolution capability is dependent upon the length of the binary
word. Each word gives one instantaneou value of one parameter. In the recording pro-
caes, only two magnetic states are used for the binary valuest saturation in one mag-
netic direction or the other. The digital sampling rate can exceed that of analog
machines with the advantage that speed variations do not affect the data.

The data can be recorded in parallel, that is. a track allocated to each chan-
nel, or in serial, where ne track can accommodate many channels st data by time divisim
multiplex. This latter technique lends itself to computer compatible tape recorders and
Shas the advantage that head alignment and tape skew are not as critical as they are with
any form of parallel recording where phase relationships between tracks would be altered.

West modern recorders use tine-division multiplexing to increase the capacity
for data. It can be used in digital, FM, and direct recording. This is done by varying
the rate at which parameters are recorded (also known as commatation rate). This basic
vate is dependent upon the frequency spectrum of the desired signal. In its moset le-Smentary form, the values of various parameters are recorded in a tiLm-4opendent sequential

action. Items of higher frequency content are recorded more often than the normal cycle,
t while elements of lower frequency content are recorded every other cycle. This latter

scheme increases the number of parameters which can be recorded in a comutation cycle.

At the present time, on-board production of computer-compatible tapes is not
conducted on a wide scale. Such tapes have the advantage of being capable of being read
directly by the standard digital computer, eliminating the need for the intermediate stage
of processLig required to convert digital tapes to a computer-compatible tape. However,
standard cmputer tapes are half-inch in width with data recorded in parallel on either
seven or nine tracks at closely specified bit densities. The tolerances for bit density
and skewre so close that it is difficult to remain within these tolerances with today's
flight recorders. The bit densities for computer-oompatible tapes are relatively low
when compared to standard airborne digital tapes. Finally, digital computers require
"finter-reoord gaps" on the tape after a certain number of data words and no data Jan be
recorded during the gaps.

"The capabilities of these recording systems and the.r applications are covered
in References I and 4.

2.3.1.5 Optical Systems

many areas of flight test data acquisition are still best a.hieved using optical
system of various sorts. The advantages of these systems are their ability to record I
the actual overall picture in addition to using certain specialised techniques. Optical
systems form a large part of the ground based data gathering facility, but here we are
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conoened Mainly With system installed In the aircraft an%: linng only aircraft data.
(Referemne 4)

2.3s.S.1 Airborne Cameras

there .to a wide range of applications for airborne cameras in flight work. One
of theme is a systet which uses a motion picture camera mounted in the forward part of
th. test aircraft to obtain a forward and downward view of the runway. Surveyed pairs of
markers arranged In parallel lines, such as runway lights, may be used to obtain aircraft
altitude and position along all three axes by means of perspective geometry and photo-
grametric techniques. These systems are useful for takeoff and landing measurements,
and also for noise measurement in conjunction with ground recording of the noise level
generated by the aircraft.

Other uses of airborne cameras are for monitoring the condition and situation
of Inaccessible parts of the airplane such an under-carriage, flaps, or for observing
stores separation and recording of hMad-up display (BUD) data from suitably mounted cam-
eras.

2.3.1.5.2 Television Systems

The use of these for flight teat purposes in conjunction with video recorders
or video transmission equipment is increasing. One of the advantages of these systems
is that, using the video recarder, instant replay of the data is available in visual form.
Systems of this sort can be used for monitoring cockpit performance, and for other ert.er-
nal items such as undercarriages, in place of *ine cameras.

2.3.1.6 Solid State Hsmory Devices

At present there is not a suitable high speed solid state memory device avail-
able that can store large amounts of data in a sufficiently compact unit. Rut develop-

enat of high density memories including magnetic bubble mms ries is in progress. So far,
experimental devices have been made with A one mega-bit per squtre inch packiug density.
Initial production prioea of bubble memories are very high, but as is the case with semi-
conductor devices, these prices should reduce in time a&M it appears that the market is
going to be very competitive an the result of the highly intensive development currently
in progress.

The advantages that these devices will have over present date storage equipment
are n'msrous. The devices themselves and their interfacing equipment will not be affect-
ed Ly incidental influences such as %ibration. The sixs of the equipment will be reduced
for the same amount of stored data. keliability is expected to be better since there
will be no moving parts and the data can be stored in a computer compatible form.

2.3.2 Telemetry

In many instances, it is preferable to analyse the data while it is being ob-
tained. This can be done using a c.stmputer on-board the Pircraft, but weight and size
restrictions can limit the processing pover of such a computer to inadequate levels. The
alternative to on-board processiný: or recording is to transmit the data to a ground based
dnta processing facility using a t imetry link. In fact, the modulation schemes for
magnetic tape recorders are basic tn telemetry. 14ost modern aircraft testing uses a com-
bination of on-board recording and telemetry, with critical parameters being selected for
telemetering and displaying in real time. The displayed data can then be used by the
flight test engineer to study the results in order to ascertain the validity of the per-
formed test, improve aafety and expedite the conduct of the tests.

2.3.3 Ground Systems

Not all flight test data is obtained from instrumentation installed in the air-
craft. In tests requiring the trajectory of the aircraft (or of a weapon) to be known,
the primry means of obtaining this information in by tracking the aircraft from the
ground.

2.3.3.1 Aircraft Tracking Equipment

A comon means of tracking aircraft is with a cinethoodolite. squipsmet of this
type has been in use for this purpose ever since the requiremant first arose in flight
testing. Nowadays tbe cinetheodolite can be a sophisticated instrument linked directly
to - computer or it can be quite basic, having featu-oa similar to the early models.

The method of trackiag the aircraft is optical, the instrument having one or
more mutually aligned talescopes mounted on a common rotating head. This head is cali-
brated in lateral angle (azimuth) and vertical angle (elevation).

The principle of operation is that as the aircraft traveis across the field of
view of the cinetheodolite. the telescopes are rotated in azimuth ane elevation to main-
tain a target point on the aircraft on a pair of cross-eires. While the tracking is in
progress, a camera records the telescope view at regular intervals nf one, five, ten, or
twenty frames per second. Each fram contains azimuth. elevae'.on, and timing information
in addition to the photographed image.



Th Durs-ings pX oi In, the asimath and elevation values ame extracted from the film.
TheOcoe *~j ar rerouced on eaoh frame to that tracking errors can be scaled off to

correct the scale readings. Multi-station solutions are used to calculate the position
of the aircraft at the tin" each frame 4a recorded% The acquisition of the data from the

film s by ejesaty % maal anAl unavoidebly tedious. it aiming errors are not signifi-
Cant# a cinthsoftoe havtng transducers giving either anal or digital output of the
sca'.* reading*s can be coupled directly to a computer for immdite processing and plotting
or to a card or paper tape puncher. .If aiming errors nee to be compensated for, a use-
ful expedient is to apply smaothing during pamossaing, but this cannot be as acsgurate am
measuring the error in each frame.

An alternative method of tracking aircraft is with the use, of a -;ervo-controlled
radar system which automatically follows a reflecting target or beacon on the aircraft.
Ibis principle has bee" applie4 also to a later tracking system, but whatever the sodium,
accuracies can be try much improved and tedivs reduced mines aiming errors are automatic-
cally made very small allowing the data to be prt~oessed without, or with minimal, manual
assistance.

Distributed electronic sensor system using multi3 ateration techniques consist
of multiple measvroemnt sensors tthree or more) located some distance from each other.
Nach sensor makeas a wmasurement of target range and than a mathematical process is used
to extract target position.* Such systems can track and present target information
simultaneously for mu~tiple targets. Accuracry becomes highly espendent upon the geometric
relationship between the stations end the target.

Detailed descriptions of aircraft tracking equipment can be found in Reference, 7.

2.3.3.2 High Speod Cameras

One of the essential requirevents of ground based camera systema is their ability,
through the uss of high shutter speeds, to slow d..~wn the processes which are being photo-

Iaadin any particular flight toot. The&* cameras have particular uses in trials
nvlin; the release of weapons and stores frnm aircraft and also in guided weapon tests
whee Cs accurate knowledge of the mechanical processes taking -place is frequentlyre

quired.

3 PRZP~kMION FOR DATA PROCESSIflO

Watever the tost flight ruquiroments, the data processing personnel should be
given details of the aign~iciart limitat.ions and characteristics of the airborne linstru-
mentation and of any spurious influence acting upon that equipment. Likewise, the instru-
mentation personnel must be aware of the limitations and idiosy'ncransion of the data Pro-
cassing system rather -.han assuming the modern, large computer can handle an infinite
variety of date, formats, manipulation*, and output presentations. No amount of processing
manipulation can retrieve an unrecorded signal. If the recorded signal is noisy. then
expoct noisy d.;ta or unacceptable smoothing. Recording all possible parameters at the
highest possible sample rats should not automnatically dictate the requirement to then
attumpt to prmcess all of it at those rates. Documentation of data procesaing require-
ments and thseir so3utiocn must be as thorough as that required for the i~istruAentation.

3.1 CRITERIA FOR C0NPUTAR USE

Today, data processing in support of flight testing connotes the use of some
type of computer wyetem to apply cmalibrati on corrections, arrange data in usable format
or perform computations among derived data points. intelligent use of a computer requizes:

"e The Problem Must be Useful

In the real, world, the compuater is always aii exp"nsive device and 4unsfulneess
is 4sfimord by someone other th~an the data processor.

"e The Problm Must be Preciese..y Defined

A p.zoblen is defined when you know its inputs, what to expect for outputs, and
how to tell if the outputs are correct.

W 'e Most Xnow How V) Solve The pro~blem

We musu have a method of soiution, with or without the compu.ter. The computer
adds nothing to' t'ae solution method. Such methods are called *algorithm" ind
can, at the stoat of the problem solution. be relatively crude and uneophisti-
cated * A asmell amount of work w...th the crude method frequently reveals in-
provements, short cutso or a botLer method.

9 The Prohbwa Mist. Pit The Machine

The problem murt f it i~he mauhinn in two ways. first, the inatructio.7as and
data must Yit wvithin the vtorage of the machine, at least for any part of the



problem solution that is to be expected at a given time. An elegant program
that ooneumes all or most of the storage space in of little practical use.
Second, the solution must be executed within the time constraint of the coan-
puter system..

9 ".N Problem Must ln~r'.. .1tich Repetition

Computers &are best at repetitive manipulations w.here the speed of operation
can be used most efficiently.

3.2 CONSIDERAT!CWS AND CONSTRAINTS

3.2.1 Human Consideration.

Care must be taken to provide for the "people" portion of data processing. Re-
gardless of the level of the automated processes, there still must be request and track-
ing forms, manual procedures, documentation, personnel training, and effective matching
of individual talents to the task at hand. The program manager, instrumentation engi-
neer, flight test engineer, and data processing personnel all speak in individual argot
which easily leads to false assumptions and production problems. The trivial manual
steps (e.g., properly labeling a tape, keypunching a card) if not properly performed can
zisult in expensive reruns. *It must constantly be remembered that people think, but
cfmputers must perform only according to precise and literal instructions. Output is
niver better than input and is seldom equal.

3.2.2 Budget Constraints

Data processing is expensive, but properly planned and executed can reduce the
overall coat of the flight test program. Today the budget for data processing can
approach forty percent of the total test program budget. Giant strides have been made
in the quantity of data which can be recorded and processed. As a general rule, the
earlier in the data processing stream that the data requirements can be reduced, the more
effective will be the reduction in cost. Real time processing and display, while glamor-
ous and technically exhilarating, should be used to reduce the overall testing time and
increase test safety. Reruns of data processing can negate the savings in overall pro-
gram costs.* Data reruns are most often caused by improper data or program instruction
entries. Time spent in a detailed logical review of the data processing requests prior
to submission can prevent costly reruns.

3.2.3 Sophistication

The flowv of data processing should be as straightforward and simple as i.. con-
sistent with the accuracy of the recorded data. A one percent value expressed to twenty
significant figures, while impressive, is not of any more uso than one of four or five
significant figures. Often the speed and versatility of the large computers bedazzles
the engineer as ye try for more exotic ways to produce answers. A computer program is
extremely literal and a seemingly minor change can reverberate through the program struc-
ture. Development of analysis equations should precede the mathematical operations used
to produce the results. If the test manager is fortunate enough to be testing at a
facility which has a library of routines used successfully on other test programs, he
shc~uld certainly use those rather than embarking on a new independent path.

3.3 TYPES OF DATA

Section 2 demonstrated the wide range of data characteristics obtainable during
flight tests. When planning or selecting a data processing system to analyze test flight
data, careful consideration must be given to the system's ability to fully accommodate
the characteristics of the data to be analyzed.

Approximately ninety-five percent of flight test data has a frequency content
of interest of less than 6Hz covering areas such as stability and control, performance,
flight control, and navigation systems. Some three percent, which extends to about 150Hz
is concerned principally with vibration and flutter. Approximately one percent may ex-
tend to 6kHz, accounting for noise, speech, and possibly, electrical power supply quality.

A required accuracy of 0.1 percent is expected for only about ten percent of the
total data, for performance, stability and control, and navigation systems. The remain-
ing ninety percent usually requires an accuracy of approximately one percenty this figure
increasing for high frequencies. Accuracy in this context relates to the residual random
error remaining after all bias compensation has been applied. (Reference 1)

3.4 CALIBRATION METHODS

The process of converting data to engineering units requires a knowledge of the
entire system design from the initial conversion of the physical force to an electrical
function by a transducer; then in turn through the signal conditioning, the tape recorder,
preprocessing station, and the computer. What is performed in the instrumentation cali-
bration may limit what can be done in data processing to convert the recorded data to
engineering units. Care must be exercised in the choice of calibration methods. What
appears simple and desirable from an instrumentation point of view can have a large im-
pact on the ease or difficulty of data processing. For example, a piecewise linear
calibration curve can more easily be constructed by connecting calibration points than



in trying ro de"lop a secod, third, or higher *.-dcr ounre. In itoring ha valitjrý•.ions
for data processing use, hewver, it is more effi.-iornt to store the cur-'e coefficients
than an array of many linear slopes ad intercepts.

Oslibraeions miat be verified prior to use in processing, generally by produc-
itn4 a plo* which c&n be qui-kly scOmed and used for _auter reference. the calibrat.ons
must be entered into a data bass or file.9 for use in conwersion of the recoxded data to
an engineering units output.

This data base may be structured to contain all qclibrations performed during
the life of the program or limited to only current calibrations. The prime factor in
deciding on the type of asasurand data base (called a "Project Historr File" at the
AFFTC) is the a•-ant of storage file space available. In either case, the calibrations
must be keyed rgainst a specific test number for proper sequencing during data produc-
tion. Where the file space is limited and only "current" calibrations are maintained
ready for access, care mast be taken to insure a match between calibration and test num-
ber prior to processing.

The use of calibration plots, created from the values in the mensurand data
base, are strongly reccomended to avoid the problems of transposed digits, values, or
decimal places. Scanning a tabular listing does not lend itself to discovering such mis-
takes. A plot is considurably more reliable.

The conversion of raw flight test data to engineering unit data depends upon
many items to determine what techniques will be usedl such as transducer characteristics,
instrument calibration method used, and type of data recording system. (Paragraph 7.2.1)

33.5 PARAMETERS

3.5.1 Identification

The parameters for which data is to be recorded and processed must be identified
and the accuracy and frequency response for these parameters are used to select the
traneducers and data acquisition scheme. A meticulous form of bookkeeping must be used
for parameter identity, location in the recording scheme, and the calibration information
associated with the parameter. A measurand data base or data file is usually developed
which contains this basic information as well as a history of changes in location or cal-
ibration. This permits processing of data from past as well as current tests. A single
data base permits the extraction of information required to configure real time proces-
sing and display systems.

3.5.2 Combinations

To reduce the amount of data processing, it is prudent to identify selected
groupings of those vtrameters required for particular configuration or a desired specific
test of the aircraft. For exampt.e, during a speed power maneuver the parameters associ-
ated with the aircraft stability would not be required. Likewise for a stability
maneuver, engine pressures and temperatures would rot be required. This will avoid pro-
cessing data not related to a specific test.

3.5.3 Rates

It is conventional practice to record data at much higher sample rates than re-
quired for normal analysis. This provides for the ability to expand the area of interest
in case of problems. Since most test data today is recorded in a format which is differ-
ent from that used in the computer, the "decoimmutation" of the data from the recorded
stream offers a convenient place to start in the reduction of data processing volume.
Only those parameters of interest should be transcribed and then only at the minimum
sample rate consistent with the next stage in processing or the final output. In addi-
tion to parameter selection, there are several "data compression" techniques which may
be employed. At the AFFTC, "PSAMP," for example, is a function which periodically sam-
ples the data at a lower periodicity than recorded. A "ZFN" algorithm is one which will
only select data values whose least significant bit or "N" least significant bits change.
Combinations of compression algorithms are also possible. ,

3.6 SOFTWARE SELECTION

For a flight test program which is to be conducted at a large test facility,
there should be available a library of "standard programs" which can be used. Care must
be exercised in such a selection to avoid an overly complex solution to a minor problem.
Since most of today's engineers receive a grounding in FORTRAN and digital computer usage,
there is also the tendency to "write a little program to do what I want." This approach
can very rapidly turn a flight test engineer inta a data engineer who spends the bulk of
his time trying to process, rather than analyze, data. Judgement must be exercised for
trivial tasks which can take longer to describe what is required than to do the job.

Mbst large test facilities have a software development organization which is
responsible for the coding and checkout of new software or modification of existing soft-
ware. Such service does not come gratis, since the aircraft test engineer must develop
the program specification document which outlines the equations and mathematical tech-
niques to be used, along with assumptions and constraints. This tailoring of the soft-
ware can be done manually or through the use of adaptive, higher-order programming
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languages and techniques.

Besides selecting software to perform the test data processing tansk, the pro-
gram manager should also become familiar with taie status reporting and tracking systems
which are in use at most large test canteirs. This software usually will provide current
costs and charges and should also be used to track the atatus of processing rsquests and
data output.

3.7 DATA PROCESSING CONTRACT

The support required to produce the necessary flight test must be clearly dn-
fined and understood by both parties, the teat engineer and t~he data processor, in a
formal data processing contract.* The urge to procrastinate in defining requiremerts,
characterized by "do it just like the last test" or *1 know of a new system that can .,

can lead to frustration on the part of both parties. The project requirements must be
clearly dotfined, within the capabilities of the hardware and software, and acknowledged
by both the requestor and the data processor. This iterative process involves consider-
able education, bargaining and revisions. Changes to requirements and support methods
are inevitable, but they must be controlled to permit sufficient time for the development
of the complete data production flow and preoperational validation of that flow.

3.7.1 Program Introduction Document

This document (variously titled as Support Request, Project Proposal, etc.)
outlines the scope of the test program and support requirement in general details. It
is, in effect, a solicitation of support from a test center or organization. In most
cases, it is not couched in the jargon of phrases familiar to the data personnel pro-
cessing and must undergo further expansion.

3.7.2 Test concept

A Test Concept should be formulated by the organization which is to be
respo.asible for the conduct of the test.* It translates the Program Introduction Docu-
menit into the language which is more familiar to the test engineer and instrumentation
engineer and reflects the ideas or concepts of the test conductor (or project manager,
project engineer, project pilot. such as flying hours, type of test (pierformance,
flying qualities), number and type of parameters, support requirements, etc. Prior to
the actual start of testing, this document is expanded into a detailed Test Plan.

3.7.3 Data Processing Concept

The astute program manager will marshall his engineering and instrumentation
forces and then attempt to translate his needs, wants, and desires (the Test Concept)
into the even more esoteric language of the data processing coiunuity. This enables
the, manager to modify the overall concept in the early stages based upon the limitations
or capabilities of the available instrumentation systems and the data processing center.
For example, real time presentation of data, rates, simplified calibrations, hardware
capabilities, and cost (in either operating or development time and money) become
totalled. A careful differentation must be made between what parameters are to be re-
corded at what specific rate for the case of catastrophic incident investigation
versus what parameters will be required for the model case.* Data acquisition and pro-
cessing can account for forty percent of a flight test program's budget in today's
environment of high quantity, high rate instrumentation systems. Attention to details
in the conceptual stage can yield great benefits once into the test.

3.7.4 Data Processing Plan

As the teat period approaches, the Data Processing Concept should be amplified
into a firm plan. The primary difference between the two documents is that the plan
contains specific responsibilities for specific events (e.g., who deliv~ers the magnetic
tape from the air vehicle to the data processing center?). This detailed plan is
especially important in a large government test facility where multiple flight test
programs are being conducted simultaneously. Just as detailed flight profiles minimize
unproductive flight, so a detailed Data Processing Plan minimizes excessive data pro-
cessing runs, reruns, and turnaround time. It must be a clearly defined contract between
the test agency and the data processing facility.

PGRMTEST TEST DATA DATA
INTRODUCTION PLANNING CONCEPT PROCESSING PROCESSING
DOCW REVIEW CONCEPT PLAN



4.0 THE COMPUTER (Reference 8)

This section covers the basic operation of a general purpose digital cemputer.
Its p~rimary purpose is to refresh the memory of the newly graduated engineer and to fill
in note spaces for the senior engineer who has become loes familiar with basics over the

yer.The engineer well versed in computer operation may elect to skin through the

Computers are controlled by reference to a list of instructions which sets out
in complete detail and in order, 3tep-by-step, exactly vhich operations are to be per-
formed. This list of instru~ctions is called the program. A typical computer instruction
contains two parts: function and address. The function statement indicates what is to be
done (e.g., ADD, SUBTRACT). Large computers contain a library of the most commonly used
functions in the instruction set or order code.* The address part of the instructions in--
dicates where the quantity to be operated upon (the optrand) is stored.

4.1 BITS, BYTES, AND WORDS

The list of instructions (program) and the data are held in storage in the form
of binary digits, which is abbreviated to "bits". Binary representation is natural to
computers since electronic equipment can discriminate reliably between two states - on

whih reData can be composed of letters, numerals, punctuation marks, or other symbols
whic arecalled "characters". In practiie, this data is processed in chunks which are

known as "words". Depending upon the design of a computer, word length can very from
eight to sixty-four bits. One computer word can be used to represent a binary number, or
it may be divided in sections of eight bits call "bytes". Since the eight bits in a byte
can be arranged in 28 or two hundred fifty-six different ways, a byte can be used to

reprsentcharacters in common use.

For numerical data, four bits can be used to represent a decimal digit (e.g.,
binary 0010 - decimal 21 binary 1001 - decimal 9). Use of a separate group of four bits
for each digit of a decimal number is called "binary coded decimal" or BCD (e.g., decimal
number 1234 can be represented in packed decimal form by two bytes: 0001, 0010. 0011,
0100). Using all of the combinations of four binary bits will permit numbers to be ex-
pressed in hexadecimal form (digit. in the barns of 16). Current instrumentation formats
make use of the octal representation since 8 is an integral power of 2, conversions to
binary are simple and each octal digit converts to three binary bits. Decimal to octal
conversions involve less work than decimal to binary (and hence less error) and the sub-
sequent conversion from octal to binary is trivial.

The number of bite in a computer's word and the way in which the bits are allo-
cated determine the precision with which the numerical data can be handled. A typ!.cal
word of thirty-two bits can handle an eight digit number in packed decimal form or a
binary number of thirty-two digits. When the precision offered by one word is insuffic-
ient, adjacent words can be linked together for double length or "double precision"
arithmvetic. Many calculations involve negative numbers and fractions. Sign can be in-
dicated by using one bit of the word (e.g., 0 - +, 1 -- ). Fractional numbers can be
handled provided a standard position for the location of the decimal (or binary) point
is selected. A common convention (fixed point) places the point at the extreme left-
hand side, which makes all numbers in the computer less than one.

To avoid the problems of scaling and overflow associated with Fixed Point, use
tis made of "Flaikting Point* notation where the word is divided into two parts. The first

part is a fraction called the mantissa or fixed point segment. The second part is an
integer called the characteristic or exponent. There is some loss in precision when
using floating point because the precision depends upon the mantissa and number of bits
it contains. Providing the exponent is not too small, it is possible to cover a range
of magnitudes wide enough to make scaling unnecessary. When two very small numbers are

t. multiplied, the produc~t may be too small to be represented by the available exponent.

*4.2 BASIC COMPONENTS

Most comaputera are segmented functionally into: (a) input and output services;
(b) Central Processor Unit (CPU); and (c) auxiliary storage. Items other than the CPU
are also lumped under the generic term *peripherals".

4.2.*1 Central Processor Unit (CPU)

The CPU can be subdivided in three main segments: the Control Unitl Arithmetic
Unit; and M~iin Storage.

4.2.1.1 Control Unit

The oontzol unit regulates all other parts of the computer. It extracts the
instructions one-by-one from the stored program in proper sequence, decodes the instruc-
tions, and initiates the indicated action.

4.2.1.2 Arithmetic Unit

The arithmetic unit performs the series of instructions (from the program via
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the control unit) on the data. An well an performing the arithmetic operations of add-

ing, subtracting, multiplying and dividing, the unit can also perform logical functions
such as comparing two items of data for identity or determine which is the larger. The
data operated upon need not be restricted to numbers, since the data is composed of
strings of bits which may represent a binary number, a packed decimal number, letter of
the alphabet or any other designated symbol. The unit will switch and combine these
trains of electrical pulse according to the rules of arithmetic or logic in order to gen-
erate an output train which corresponds to the desired results.

4.2.1.3 main Storage

Main storage contains the program, current data, and partly finished results.
It is divided into sections called "location@," each of which in able to hold one word
and identified by a unique number known as its "address.0 Most core storage today is a
lattice of small magnetic "donuts" capable of being polarized in one of two directions.
Replacing this ferrite storage now are large scale integrated circuits, with 'magnetic
bubbles" as a future possibility. The search is for faster access time, achievable
through smaller segments, shorter signal distances, and higher packing density. This is
important since in most designs the speed of the computer is set by the speed of storage
access. Today, a storage with a range of four thousand to one hundred million bytes can
access any specified location within 0.2 to 2.0 microseconds. Now storages have nanosecond
(10-Y) access times.
4.3 PNRIPHMR"LS

Peripherals are auxiliary hardware used to enter programs and data into the CPU,
extend the amount of storage, and present the output in a usable form. A "buffer" is a
storage device used to compensate for widely disparate speeds of different devices. This
permits a relatively slow card reader, for example, to input instructions into a computer
at the rate of one card every sixty milliseconds when the computer cats transfer a card of
instructions to storage in one millisecond. The instructions are loaded into the buffer
at a card reader speed and then accessed from the buffer at CPU speed.

4.3.1 Input

The set of instructions unique to the planned computations, known as the job
program, can be input into the CPU by a deck of punched cards via a card reader. Data
to be processed can also be loaded via card@, but more suitable media for large amounts
of dala (as would be appropriate to flight testing) are paper tapes, magnetic tapes,
cassettes, disks or disk packs. A remote job entry terminal usually consisting of a
specialized keyboard and cathode ray tube display may also be used for program and data
entry. A control console, either at the CPU or a remote terminal is used to transfer
control of the computer to the first instruction of a loading program (already permanent-
ly stored) which causes the job program to be placed in known locations in storage. The
operator then transfers control to the first instruction of the job program. Where there
are many peripheral units, a small special purpose controller (front-end computer) is
used to regulate the traffic between the peripherals and the CPU and is typically respon-
sible for control of the communications network, queuing of messages, handling of
priorities, input data transfers, and interrogation of files.

4.3.2 Storage

In time-sharing computer systems, the main storage is extended by means of fixed
disks and exchangeable disk packs. This extended storage is organized and controlled
such that each user sees only a single level storage. The controller anticipates the
demand for data and program segments by transferring them from the disks to the main
storage ahead of the requirement. The unit of data which is transferred is called a
"page" and typically contains a few kilobytes. This hierarchial storage is also known
as "virtual memoryw and acts in such a way that the user feels he is the sole occupier
of computer storage.

4.3.3 Output

Output peripherals can take several forms:

* Printer output such an line printers, electric typewriter (10 characters/
second), and typesetter.

9 Graphical such as cathode ray tube display and automatic plotters.

9 Storage such as magnetic tapes, magnetic disks, microfilm, microliche,
punched cards, and punched tape.

4.4 FILzs

Files are records arranged systematically in an orderly fashion. Content is
dependent upon the nature of the job which the file is to support. The arrangement of
a file depends upon the operations which must be performed on the contents and the
technical characteristics of the equipment to be used.
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4.4.1 Pile Organization

BIT binary 4,igt.

YT3S Night bits which can represent one letter or two packed decimal digits.

LD • String of bytes that represents one complete item of data.

RECORD Set of logically related fields.

BLOCXK Set of records determined by computer hardware requirement.s rather than a logi-
OR cal relation between the records.

SECTOR

4.4.2 Types of Files

"* Single-User File (job oriented).

"e Data Base Files (same data, different users).

"* Public Files (shared with other users).

4.4.3 rile Changes

Data changes are accumulated on a "change file" which id used to update the mas-
ter file. Magnetic tapes must be updated serially and are amended by creating a new data
tape. Disks can be updated sequentially by identified fields and are amended by over-
writing.

4.5 DEDICATED, CENTRALIZED, AND DISTRIBUTED PROCESSORS

4.5.1 Dedicated (Specialized) Processors

All good engineers and program managers recognize the validity of consolidation
of resources and control - as long as it occurs on a level Just beneath theml There is
no argument that from the viewpoint of a person responsible for test that the most de-
sirable course is one where a dedicated computer system (processor) is available for
sole use. And for a specialized task (flutter analysis, real time display), such a use
today is both practical and economical. Today' s rapidly developing field of so-called
"mini-computers" makes possible the use of many~specialized computer systems. However,
what one gains in exclusiveness, one gives up in flexibility and throughput time since a
mini-computer cannot compete with a large-scale computer on a one-to-one computation time
or storage capacity.

4.5.2 Centralized Processors

Ihere the volume and diversity of computer processing is large, a central pro-
cess-or is used. "Time-sharing" in employed where the CPU appears to be working simultan-
eously on many jobs. In actuality, the CPU uses the difference in access speeds between
itself and the peripherals to load a segment of data from one peripheral, while operat-
ing on data loaded from another peripheral while dumping output from still another job
to an output peripheral. This is thu arena of the modern large computer usually complete
with attendant systems analysts and software specialists. Until the introduction of the
mini-computers, the trend in computers was to larger and larger centralized systems with
faster access time and time-sharing operation to increase utility and minimize individual
Job costs.

4.5.3 Distributed Processors (Reference 9, 10 and 11)

Data processing tasks in support of flight testing are not uniform in volume,
complexity, and throughput time requirements. Today's natural growth is toward a dis-
tributed systems combining the modern large computers, specialized processors, and acm-
munications controller. This gives the flexibility of stand alone operation for specific
tasks (e.g., real time) and the synergistic operation of the comp•ter segments together
in a network. A typical distributed system employed in The Netherlands is shown in
Figure 4-2 in which the levels are described in Figure 4-1:
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The planning of the seuneo rrations in advance is known as programsing.
The sequence of instrutia'ons cratd s aMle software. Software is the key to the
poaet of the digital computer, enabling one compater to perform a variety of tasks.* It
permits Sohfioation of a data proctessing sequence to mest an unusual requirement or
solves a problem area. This flexibility is both a blessing and curse. It allows for
rapid change,, but also enoaurages constant. 'just one more ref inement" changes.

Stored prograsming operatea on the principle that the data to be manipulated
aTd the instructions for thiei Manipulation are stored in the sams medium and are India-
tinguishable. The instruotions for the machine ane expressed by numbers which are stored
the *me as the numers for the data. it is not possible to tell. just by looking at the
numbers in storge", which are data numbers and which are instruction numbers. a computer
instruction is a word of information that provides Momentary control of a computer. The
instruction has two partsa the Operations Code (op 'code) specifies the action to be
taken (e.g., add thu contents of some other word to the accumulator) j the W~ress mndi-
oates where that other word of information is to be found in storage. A "Coutire' is a
set of instruction* used In a cyclG of operation.

The routine also gives the ability to break out of normal sequencing in a
straight line to any arbitrary point under control of the conditions of the problem as it
develops. (See pigure 5.1)

PIGPEN 5.
S ofu * POOMIIG

rDioArD toteue fsfwaRe inprdcontheaeserlsqu tilp-

cesss intheprogieno hae

5.1.1 AnalysisGIP

At this stage, the progranner Must ask several questions:

*Is the problem worth doing? (Mae it been solved before and is a software
package available?)

0 Do we know a way to do it? (This would be contained In a set of program
specifications furnished by the test engineer.)

e fhat precisely,* are the inputs and outputs? (Again, this information should
be contained in a specification document.)

0 Are parts of the prob lem already programsd?

0 What language should be used?

5.1.2 Flowoharting

A flowchart Is a blueprint of the logic of a problem. It Is a drawing made up
of snble connected by straight lines which lays out the logic of a problem solution.
It is Used to break up the solution so that during Ocoding" the progrinsr can focus on
one detail at a tims, Plowcharts are also used to simplify camounications between engi-
neers and programmers.

5.1.3 Debuging

Debugging is the entry of the prograind inftruct ion into the co"Oter and by
actual machine passes the programmar determines if the Instructions will execute properly.
If not, the necessary corrections (debugging) =ast be made.

5.1.4 Testingf

Using known Inputs and having available the expecte outputs, the progrr Ir
mast determine that the problem being solved is th. one we wish to solve and the program
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is satisfying the program specifications.

5.1.5 .Documntation

As with other enieavors, the job is not comlete until the paperwork is &A*e. The
solution should be ducamated for others to a". and should Inolude as a minism~a

A statement of the probem in coloquiai language.

* PInwoharts.

*Symbolic listings and core dumps.

0 User Instruotions.

0 Test cases and samples results.

0 Error conditions.

9 Any his"or of use or trouible.

5.*1. *6 there are several axioms which must also be kept in mind during the development
Or a PrOgrsmt

a Every program contains at least one buji.

o If there In a bug# the ro-ter Will find it.

* Every progran can he made shorter and he made to run faster, which will faster
the atmosphere for constant change.

a If anything cann go wrong, it will.

5.2 LARUBUAGNE

All computers manipulate numers using a repertoire of operation codes wired in
at time of construction. This machine language is awkward and difficult to use for the
general user of the comiputer. As a result, a hierarchy of languages has been develaped
with the goal of pexmittina the user to list his sequence of instructions in a language
close to that used in his dsipline. 2hese languages in turn produce (compile) the
machine code. *The conventional hierarchy isn, in ascending ordert

5.2.1 Machine Language

This is the code of the computer Itself and gives direct access to the machine.
Each and every instruction must be carefully stated in proper sequence. The alphabet of
this language is 0 wA, 1.

5.2.2 Interpreters

An interpreter io a subroutine whose function Is to control the execution of a
battery of other subroutines. An Interpreter translates instruotitas from nont-machine
language to machine language and executes the machine language Immdiately before pro-
ceeding to the next piece of translation. An interpreter can be used to simulate the
operation of a different computer.

5.2.3 Assemblers

Assembly language is characterized by paralleling the format of the machine's
language and is machine dependent. Generally, the conversion from assembly language to
machine language is one for oane that is. one instruction in assemly language yields
one exftcutable machine instractiun. Nainonics are nov used for instruction in place of
numbers (e.g., CLI. - clear and add, BSU - subtract).

5.2.4 Compilers

Comiler language provides freedom of format and creates many machine instrac-
tions for each source statement. 2he format of these statemnts will not parallel the
format of ano mahn.th ople se mt~ial~ly a machine-independentlagge
2he overallbulk of t;day's =applcations progreming Is dose in compile~r languages.
FOBYMX (1O~malar MYMslation) Is the most commnly used compiler language for engineer-
ing parposess hwver, the U.S. Department of Defense In attempting to standardize on two
versions of Higher Order Languages (am@a).

5.2.5 Generators

Generators are program for specific tasks (e.g., file maintenance, sorting. re-
port writing) whose Input language Is the parameters of the problem. The generating pro-
gram creates a new program to perform the task.

5.2.6 specialized (Problear-Oriented)
Specialized languages are nearly always compilers& enwae created for specific
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problem situations (e.g., aimulation - SIiNSCIP, list processing - LIST).
5.3 P000"A LISMUT

ost test faoilitien maintain a library of developed software program. A
typical grouping would bee

s.3.1 emeraelsed ApplioatLon

Whi would include software which makes the computer perform an application
function snd ar6 for wide-epread or general use (e.g., routines which tramnfora data).

5.3.2 Project-Unique Application

this softwa•ze would include special marges, unique transformations, or classi-
fied routines which will not be available to general usage.

5.3.3 System software

System software is any software which makes the computer system operate indepen-
dent of manual operation and infludes executive operating routines, Job Control Language
(CL)), devicte operating routines, standard language rompilers (FORIRAN, BASIC, COBOL .... ),
assowblews, loaders, and input/output (1/O) routines.

5.3.4 Applications

For flight test programs, two generic syetems are usually used:

5.3.4.1 Engineering Units Conversion (First Generation)

This grouping covers the conversion of graw data' through the. application of
calibrations to produce an output scaled in engineering units, generally as a time his-
tory.

5.3.4.2 Analysis (Second Generation)

This software performs the actual engineering analysis, generally using first
generation output as input. Categories are frequently Flying Qualities, Performance, and
Aircraft-Specific.

5.4 1FLIGOR TEST UNIQUE IATA PROCESSING PROGRAMS

The overaei format of any given data processing system is largely dependent on
the typE of data to be analysed and the overall system considerations for the use of that
date. We shall nov consider a series of typical data processing programs which are wide-
ly used for fliglc test work. There is no intention that the programs quoted are fully
ccmprehensiv., although it is worth remembering that they are typical of many systems in
current ups.

We may consider three basic series of programs which can be used together to
provide an overall integrated data processing system or can be, and are, used individually
in particular applicpttions. The first of these is generally concerned with the task of
producing a data base, either as a computer campatille tape or in the form of a disk file.

S.4.1 Engineering Units Processing

Flight test data, whether from telemetry or on-board tape recorder souzoes, is
prugrammod through a series ok stages to provide final data in engineering units, either
for revd rrpouses or for further processing in-house or at other organisations. This
system ons st* of a series of programs, each with one or mare files of information re-
lating to flight test activities or files directly sapporting the final analysiv pro-
sams. Sam of these program ae independent of other sources of information and these

can be added to the system as reqzired. Other programs, however, are related to each
other and to final analysis programe which will be discussed later. Typical programs
are used to provide preflight control information, system and instrument calibrations, to
maintain instrmentation project history, to control data editing and data compression,
and to correlate airborne data with other sources such as ground data and internal file.
The end product in all cases ts a data base in engineering units for use in subsequent
processing though in same oases this might be the iltimate purpose of the analysis system.
TI'picol prograur j6ei in this phase are discussed in Appendix .

5.4.a knalysis Processing

This phase is normally found in batch processing systems and is used to process
test data recorded on manetic tape or disk. Some of these programs can be operated
separately using the calibrated data from angineerir1 Units phase vbLle others operate
as a system of integrated programs. The primary function is to conduct standard repeti-
tive calculations of data or special calculations defined for the particular flight
trial from selected test data. the output of most of thea systems is in the form of
tabulated listings or plots and special programs are available to handle this particular
aspect of the analysis. Typical programs are discuesed in Appendix I.

S... ... . .. . .. .. . .. . . ... .. .... • .. . . . . .. .. . . T, " • l • ... .. . ... =• - -- • . . .. . i i . .. •
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A numer of systems have been developed where either the aizborne information
Is trasmite tol the groucesnd ytlmtyo h flight data to pnwooesed in flight on
the aircraft to provide real tim nomto sdsoederir hsbscpogm
used in thoea tye tssesaevr iia to toaes described above for aftaikUnits and Analysi bu eause of the problems fvolved In these systems, special conat
erations have to be covered. Onsputer oriented data systems of various sioses and oa~lex-
Ity have become a necessary tool for the collection and verification of test results.
The data system u*ing real time processlng can handle this sort of information very flex-
ibly and the essential rquirsemnt of this data is to be able to provide, either on-
board, or on the ground, a real time monitoring system. zaseatial taska for such a eye-
tem oam Include the ability to display in 3"ineering Units any Lo~tr big recorded.
and to provide the ability to perform n~athematical computations for adane analysis
and to display the results. On-line or real time processing oans however. be constrained
by storae" availability throughp'at time, or machine limitations such that calculations
may be truncated, smaller wore lat;raetil --A or calibrationis simplified. Thbe result
of such comprohuises can be a Odiferencel in data values produced in real time and those
derived in a post flight mode. Typical programs are discussed in Appendix 1.

5.3 PIWOMM SP9CIFICATIMOS

At large flight test facilities, a software program library is developed and
maintained by a specialized cadre of mathematicians and engineers. ftIe role of these
specialists is to translate the discipline enginerers requirements into an operational
software program by writirg a new set of software. modifying an established set, or using
an established program as written. The success of this software depends to a large ex-
tent on the success of communicating the requirement. It in somewhat like a world
traveler in a restaurant in a foreign land requesting a dish in his own language. the
probsbilt of successfully obtaining the meal depends on the complexity of the desired
dish, ailability of ingredients, equipmennt, and difficulties in language communica-
tions. The more definitive the description, the better the software. This definitive
description should be contained in a Program specification Document which acts as the
contract between the flight test engineer, the instrumentation engineer, and the pro-
grassing expert. Sven if the discipline engineer is the one to 'write the program, a
rigorous aprahwill produce a better set of instructions than blindly starting to cede.

5.5.1 Format

The format for a Program Specification Document should contains

"e identification of the task.

" Listing of responsible personnel.

"e Description of the required computat ions.

"e Input description.

0 Coptational. procedures.

"e output requirements.

To best illustrate the specification, a copy of a recent specification for a test at the
U.S. Air Force Flight Test Center is shown in Appendix 11.f
5.*6 WMGMN COMML oF SOMWARX DEYKLOPNU

A significant problem in software development is the control of the human re-
sources, computer resources and development time. This difficulty is ofte" due to the
lack of uniformity in the development approach and inadequate software configuration
management.

S .6. 1 Development Approach

2be general feeling today is that software production is still more of an art
then an engineerinq science. It is strongly dependent upon the approach, experience and
capability of the individual progammer. Development techniques such as *structured
progremi~ng,O *mdular construction,' and program verification techniques are bringing
a measure of order to the task.

5.6.2 Configuration Iftnagement

2he major objectives of software configuration management should be:

"e To describe at each time the current configuration of the software system
(configuration identification).

"e To assure that changes mae to this configuration are ntecoesary, reflect a
thorough consideration of all Interfaces affected and represent an optimal
trade-off among performance, cost and schedule (configuration control). i
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e To record and report effectively the technical status of the software develop-
ment products (configuration status accounting).

an excellent review of software management control techniques can be found in
References 12 and 13.

6.0 Tun PEOPLE

thue nine and ocomplexity of any Rlight test organization will depend on the nu-
ber and types of projects which it is currently called on to havdle and the mine and
Jaiportance of those projects. Plight test engiSneering cuvers a wide field from tt.a ulti-
matem complexity of space flight planning down to ths flight test on a single light air-
craft. Consequently, it in only possible here to give a general idea of the ty'pe of
organination which will be necessary and an indication of the typical staff who may be
employed in such an organization. As discussed earlier in the systems planniaq phase of
the prograim, it was indicated that in some cases pre.~rocesoing and 0114 tat Don rhases
are handled in different organuizations. This# again, will lead to a di1fference in the
approach to the organizational pY~anning of the system. Finally, we shall consider the
handling of data within these organinaticas fromt the loint if view of the overall. capac-
ity of any given system to process and evaluate the mass of data which Is normally re-
corded in flight test work.

6.*1 OWAKNZEAION

In a flight test facility, there are a number of wll~-4efine6 functions associ-
ated with the test flight of a new aircraft or installation o~n an aircraft. these in
general encompass the followings

"e Plight Test Engineering or Project Engineering

"a Enginesring services

"* Data Processing

"a Technical and Development Engineering

"a Plight Test AiroreW

6.1.1 Flight Test Engineering or Project Organization

This unit is normially responsible for the planning of any flight test on an air-
craft. They are responsible to the aircraft project manager for the conduct of the
flight test and for the specification of the various requirements in the flight teot plan.
This can be a very extensive program of work when a l arge mdern aircraft system is In-
volved, or it can, in fact, be one amn who is the deriigner of a new light aircraft.
This organization is responsible for program managemitnt of any selected program fort

"a Performance and Plying Qualities

"e systems Engineering Testing

"e Huan Factors Testing

In the oaesoof aircraft or systoemswhere specialized testing is required, this organization would
perform necessary lisasn with the Design Departmoeit concerned with such specialized testing.

6.1.*2 Mngineering Services

this organization plans, coordinates, operates, and maintains the data acquisi-
tion system in a pot of the test programs. It also plans the use of ground facilities,
special instrumentation, and rang data acquisition (i.e., telemetry, radar, photo-optics,
etc.). In fact, its responsXiblty covers the whole range of the technical inutrmonta-
tics requirements for a flight trial. Typical sub-sections of this unit aret

"C Range 11nagamnt

"e Airborne Instruimentat ion

"a Photography

"e Aircraft Nodification Engineering

6.1.3 Data Processing

This unit provides overall a prt for the processing of data which has been
acquired during flight trials from both airborne and ground based facilities. It operates
the data processing facility and Is roesposible for the continual development of that
facility to meet test reuieens Ti organization will normally ocoatain a software
developmnt organisation in evport, of the data processing facility. Typical breanches in
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"* Computer Operations (Processing)

"* software Development

"* Data Production Analysis

4.114 Technical and Development Rnginearing

ANy organization *et up to handle mdern flight test date analysis and flight
Instrumentation projects needs a development ouganization whioh can look into the future
without the day-to-.day problems of a vast throughput of flight teat analysis work. Typ-ials problems this unit could be askrd to solve are new flight teat techniques, new
methods wAd pronce-dure for carrying out the flight seats, and the technical development
cf new etuipment and instrumentation in support of flight toot work.

6.1V.. Flight Teat Aircrew

ft~e teat pilot and flight test engineers will normally be part of the organi-
Satiouis above. oemver, It is convenient to consider them separately as they each have a
vital function to perform in any flight toot organisation. Ultimately the planning and
coordination of all the tams on the ground depends on the seleition of suitable flight
test 1e~ne. Por this reason, teat pilots rweeve a very extensive and specialized
train ing and Ideally, the flight teat engineers should be similarly trained for the role
they have to perform. T1his is normally the case in large flight test organizations but,
all too often, the training of these -'.reounnl is neglected in smaller flight test tease.
It cannot be over-emphasised that the ultimate success of the operations depends on prop-
er training for theme personnel.

6.2 COORDINATION OF THE OPERATIOM

All too often, the teams mentioned above are not properly coordinated in the
performance of their duties. The coordination function rig1tly belongs with the project
engineer involved on any particular flight teat, and arguably the best approach to zhis
problemt is to use the main organinations in a joint inter-related fashion. Choosing key
personnel from each organizat ion, form a smiall liaison group to ensure that the proper
feedback and interchange of information occurs.

In many flight test organizations, this policy is not followed and a functional
alignment is used an an. alternative. This can be regarded as the serial approach where
the Flight Test engineering organization states its requirements to the Engineering
Services organization who, after the Flight Test, hands its information to the Datak Pro-
csasing unit. This approach can very often be counter-productive in that the Data Pro-
cessinaj personnel are frequently not properly aware of the nature of the requirements of
the project ungineers and flight teat engineers, leading to a situation where the type )f
processing adopted is not compatible with the data that is being executed.

6.3 TYPRO or FERSOMME

Flight test work involves a very wide range of skills in the personnel employed.
Ws shall now consider in some detail the categories of personnel who should be used in
the various organizations.

6.3.1 Flight Test Engineering and Project Personnel

Personnel in this organization are basically tasked with the overall planning
execution, and reporting of the flight test. It is, therefore, essential that they
should have good engineering background in the area of the test.* If this encompasses
the maneuvering of the aircraft in flight, a knowledge of aircraft design and/or flight
dynamics Is essential. if the system under test is an avionics system, then these per-
sonnel sWould have a sound knowledge of the basic system which they are being asked to
test and of its basic operational characteristics.* For examqple * if a radar not is under
test, they sWould have an extensive knowledge of the limitations and. performance
charactefistios of radar equipment in order that the test can be properly designed and
conducted. Personnel are usually &eronautical and electronic engineers.

6.3.2 Instrumentation Personnel

This is one of the most difficult areas of recruiting staff for flight test work.
All too often the assumption is made that instrumentation installations can be carried
out by an comptent electronics engineer. This frequently leads to trouble in that the
installation of instrumentation system is an important as any other phase of flight test
work.

A

Reference 14 notes that great caret has to be exercised in the use of instruments
and transducers in the aircraft environsment. 'the training of engineers in this field,
therefore, is of supeme iortanoe, otherwise it is very esey to proauce a load of mean-
ingless data Which, to the ~ ecod data analyst in patclr looks genui~ne. The
training of flight teat instrwmentation engineers has tended to be conducted Oon the jobs
end in only a Unmited numer of cases have specific training courses bean used for theseI



i psrasnnel. The French -a particular have used course& for' training flight test instru-.
oiwtatLan engineers but, *t general the pxtmess has been to take qelif aed electronics
eno.noers aAd to loo them 1..mrn by their mistake and from other tam minebern while work-
Lag on specif. pr•j*tos. This can produce, and has produced, *ry successful flight test
Ifnttrw.wrt engine-rs but At can lead to a situatio.i vh%.* the engineer's view of the
problem can und is liar tC by his experience. Thut, one finds that th••e are significant
fifferences in apoa~ch to the oam problem by different flight teat orgnisetione be-
calue each has developed Its philosophy independently from the others. There is a very
definite .we4, thertfto, in planning a flight test organitation to make sure that the
inetruR.1ntAtL0R tag&`ars used have the widest posSib! 1xperienoe ana for them to gain
that experience frm as, many ditfkwant crganisatisns as possible. Zvon in so"e of the
major oganisetions at prasn.at eogaged in flight test work, an evaluation of replies to
questionnaires indiuate very significant di.&nrences in understanding of comomn instri-
mentatio problems amoen thaes personnel. There is no easy answer to this problem be-

.use of the liited ~,ýber of specific cou•ses in many counries. Such *ourse* do exist,
in France, the Unitqd Kinqdlm, and in thV-United States. For this reason, it is essen-
tial that the flight t-st engineer ostabliinhs a very clote relationship with the instru-
mentation enoinaer to ensurt that they have a clear understanding of the physical nature
of the measurements they am planning to make and of the limitations imposed on those
measurements by the structure and the environment in which the transducers have to be
mounted. A fliqht test engf.'ie-. who, by his experience, knows how to tackle them can en-
ears that the data gathered on a fli.ht test is meaningful and valid.

4.3.3 Data Processing Pezestmel

In the majority of asee today, even on mall installations, data processing
"sill at some stage involve the use of a digital computer. Zn the small number of cases
whore this is not so, it is usual for the analysis (normally thro•gh the reading of
trace records) to be carried out by the flight test engineer himself. in these circum-
stances he has a reasonable understanding of the limitations of the data he is consider-
ing and can, therefore, be expected to draw reasonabl, oonclusLons from the results of
his analysis. Zn the majority of cases, however, the analysis phase of processing is
conducted in a digital computer and the personnel manning these machines are usually com-
puter specialists, with degrees in mathematics or computer sciences.

6.3.3.1 Data Analyst

Much grief can be avoided through the u of a clear Data Processing Concept
and Plan, as discussed in Section 3. Data analysts, who are capable of analysing the
flight test engineer's requirements and the instrumentation engineer's mechanisation in
line with the capabilities of the data processing center, are trained principally in the
school of hard knocks. The data analyst can be drawn from any of today's engineering
disciplines since all students receive early and constant exposure to computers. Flight
test and instrumentation engineers are a good source as they bring the expertise and
technical jargon from the other organizations. The other basic requirement is patience
for data processing is the last step to the final test report and inherits all of the
test program delays and frustrations. Without proper planning and verification of the
data production system, initial date processing runs will be beset by program aborts,
invalid answers, and delivery delays. A modern large computer facility is still at the
mercy of the input, and output can never be better than input.

6.3.3.2 Data Operations

Large computer centers will have a staff of systems analysts, who at first
qlance appear to be charged with the responsibility of keeping data processing a deep
mystery end separating the user from the machine. They are, however, charged with the
important function of insuring that the computer system software and hardware function
properly. tew routines which are part of the basic software must be debugged and made
operational. It is suprisingly easy for an inexperienced data requestor to bring a large
computer system "crashing down" as a program hangs in an endless loop or consumes all of
the available storage space. The Data Operations unit must first of all make available to
the user a functioning computer system, for batch or interactive processing. The system
software must be operational and user software must be reviewed to insure compatibility
with the processing machine and the organization's concept of operations for processing.
(Por example, some processing centers place limits on file lengths to insure equality to
all time-sharing usens).

6.3.3.3 Software Development

Large flight test centers have a software development organization which will
either prepare a new software program, modify an existing program, or select an existing
program to meet the test engineer's needs. It has often been stated that all flight
toot programs are alike, but all are also different. Care must be taken to prevent
re-inventing the wheel in data processing. The experienypd software development per-
sonnel have a basic understanding of the test engineer's requirements and will create a
program to meet those requirements in an efficient and complete manner. The key to good
softwarea lies in the preparation of a comprehensive Program Specification Document, ads-
quate lead time to code and debug the program, and sufficient pro-test data to exercise
the software in the complete data production loop. In smaller installations it is fre-
quently possible for an engineer trained in flight test and instrumentation field to be
able to handle the nrcessary software himself with a full understanding of the problems
he is tackling. In major installations, this in not always possible and it emphasizes
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the need for the liaison coemmittee discussed -. vs and for the various elements in that
acosumittee to be able to have a working understanding of the techniques and procedures
adopted by his opposite number in different parts of the organisation.

6.3.4 Airoew

In any flight test situation, then people required to conduct the flight and to
operate the instrumentation and other systems (such as Avionics) during the flight must
be properly trained for the work, otherwise the work of all the ground based personnel
can be not at nought. The pilot in particular needs special training, especially if the
flight test involves the handling and maneuvering of the aircraft. These test pilots
normally receive a very specialized training for the work in which particular emphasis is
placed on their ability to assess the response of the aircraft to different inputs from
the pilot. In particular, their report of the test is very often an essential contribu-
tion to the flight tape or the telemetered information. in aircraft where an observer-is
carried or, in some cases many observers, their training must not only cover the opera-
tions of the systems for which they are responsible but also their ability to observe and
report on the general aircraft situation at any particular time. Effort spent, therefore,
in specialized training for these personnel can always show a very substantial dividend.IIf they are instrumentation observers, then their ability to understand the design prob-
lems of the instrumentation is a necessary asset in enabling them to handle the system
during its use in flight tests. On larger aircraft where quick-look ifrmatinmyb
produced by an on-board computer, the observer's ability to interpret this data accurately
and rapidly and either report it to the ground for decision on the next phase of the
flight test or, in some cases, to Make that decision himself is an essential requirement
to the successful completion of the flight test. Proper training and briefing for these
personnel before the flight test is, therefore, essential.

7.0 DATA PROCESSING FUNCTIONS AND TECHNIQUES

in the preceding chapters we have considered the methods for obtaining data,
and the hardware, software, and personnel to process it. The data is nov available in
some form or other and it is the responsibility of the data processing personnel to pre-
sent this recorded data in a form which is acceptable to the flight test engineer or
data analysis engineer.

7.1 QUICK-LOOK PROCESSING

Quick-look data is an essential requiremuent in all flight tests in that it is
usually necessary for the flight test engineer to be able to assess whether a particular
flight test has been satisfactory before the full analysis of the data is made. On such
ad hoc decisions, the continuation of the flight test program is frequently based. it
is, therefore, desirable that all the essential information should be presented as
quickly as possible in a form which enables this sort of decision to be made. Quick-
look data can take many forms.

7.1.1 On-Line/Real-Time Information

Ork-line quick-look information can be obtained by on-board observers who
follow the tine history of essential parameters using, in some cases, on-board computers
to provide the necessary data; or from telemetry systems which pass the essential data
to the ground where they can be displayed in real time.* In both cases, calculations may
need to be done from this measured data to provide information which can be displayed to
the engi.neer who has to make the decisions on the progress of the test flight. This
type of system is also frequently called a real time system in that the data being
gathQ~ed, whether in the aircraft or on the ground, is being computed on-line in real
time so that effective decisions can be made on the information governing the future
progress of the test flight. These systems are widely used for two specific purposes:

7.1.1.1 Safety

Many flight tests involve a considerable element of hazard to any aS rcrew in-
volved in the trial, and it is, therefore, necessary on many occasions to provide a data
analysis system which is capable of presenting a ground observer with the immediate up-
to-date information on the progress of the flight to supplement the pilot's observation
(in some cases, the ground observer is the sole source of such information) to ensure
that the flight test being conducted does not exceed expected safety limits. Real time,
in context, therefore, means the ability to take effective safety action within the
minimum time scale set by the normal limitations of a data system.

7.1.1.2 Program Sequence Control

A complementary functioi# to the safety function is the ability to analyse the
progress of the flight test from the Vround and decide what next phase should be
attempted witl , out bringing the aircraft back to land.* This function of the real time
system is Complementary to the airborne sys-tem in that they are both '2apable of enabling
the control of the test flight to be monitored and, if necessary, varied on a real time
basis. A real time system used at the US Air Force Flight Test Center is described in
Appendix IZI.
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7.1.2 Off-Line Information

In these systems, data recorded during flight, either on the aircraft or
by telemetry link, is given to the data processing facility for processing. The data is
then run through replay (playback) equipment which in capable ofrproducing output in a
graphical trace form or computer listing. This enables the experienced engineer to
assess the validity of the data that has been gathered. This is an area where the small
digital computer and line printer or analog trace output is extremely valuable. In the

this purpose In modern flight test systems. The off-line system is the same as real
tim, ecep daaiputinsro magnetic tape.

This same data can .iften be used to verify the operation of the instrumen-
tation system, evaluate calibration values and to identify problem areas. The medium
used can be a traps on strip chart recordings or tabulated listings of raw data values
("digital dumps"). These can be used as valuable quality control checks before continuing

with data processing or as check points in the processing stream for troubleshooting.

7.1.3 Comparison of On-Line/Real-Time and Off-Line Systems

These terms are widely used in the data processing world and this is an
opportune place to define application of these terms. The use of these techniques has a
direct application to quick-look data but, as will be seen from paragraphs above, the

prsscan have awider connotation. On-line systems cover any system where the flow
of data from the point of measurement to the presentation of that data is continuous.
This data may or may not be processed en route, and the final output may present data to
the test engineer in real time, in a form in which he can take quick-look decisions. On
the other hand, some on-line data will be fully processed as the test is proceeding and,
in this cause, there is less justification for the application of the real time descrip-
tion to this data because the processing time may be such that, although the data is
being handled continuously, it is not being done, perhaps due to computer time, in a time
scale which permits immediate decisions to be made on the results of the analysis.

off-line systems similarly do not have a direct link between the measuring
system and the data processing and in these cases the transfer of data is usually by one
of the recording methods described earlier. This data can still, of course, be analyzed
quickly on receipt at the data processing center to give quick-look information which,
in this case, more normally has the function of enabling the analysts to decide on the
data which must be processed for further analyses.

The difference between these systems is, therefore, fundamental to the
design of the overall processing system and considerable thought must be given to these
elements when deciding on the system that will be used in order to cover the safety of
the crew and the aircraft, monitoring the performance of the instrumentation system,
"goodness" of the maneuver performed, aircraft systems operation, etc.

Off-line systems in general are more flexible in that they do not require
large ground based coimmunication facilities which can, in the case of aircraft, limit the
area in which the flight can take place. These systems, therefore, depend very heavily
on digital and analog magnetic tape recorders in order to provide a means of transmitting
the data to the data processing facility. In some cases, where the aircraft size per-
mits, some of the computation may be done on-line in the aircraft and then transmitted
off-line by magnetic tape or disk to the data processing facility on the ground. This
is a typical example of the flexibility that is possible with these types of systems.

7.2 ENGINEERING UNITS (FIRSBT GENERATION)

Data processing, particularly in modern automatic data processing systems
tend to be divided into three parts; engineering units, intermediate processing (merges),
and analysis computation. Some confusion occurs at tines between different systems on
the division between these areas. For the purposes of this document, we shall take the
situation where the engineering units phase is understood to cover all the work carried
out on the flight data up to and including the preparation of the data base of computer
compatible tape of the engineering data. (Engineering data can also be described as the
recorded parameters which have been modified by the application of calibration data and
produced in a time-history format.) (Raw counts + calibrations - engineering units.)
Generally speaking, data recorded in flight or received on the ground by telemetry link
is recorded in a format which is not consistent with a modern ground based digital com-
puter. The reason for this is that the limitation imposed on a digital computer in
terms of the cleanliness of tape and operating environment necessary for high packing
density used on its digital tapes means that data from flight sources has to be pro-
cessed before being fed into the computer. This can be done whether the information is
in analog or digital form, and leads ultimately to the generation of either a data base
on a disk file, or a computer compatible tape. It is convenient during this process to
add the calibration data to the information so that the data base is generated in true
engineering units. This has the great advantage that, where various organizations have
an interest in the flight test, the data base can be distributed to these organizations
in a standard engineering format, enabling further computation to be conducted in the
individual facilities of the contributing organization. in modern large installations,
disk files are normally used for this purpose as the availability of the data for random
access is very much more rapid on disks rather than on magnetic tape. A typical flow is
shown in Figure 7-1.



IWT 7.... 24

ENGINEERING UNITS

STATIONTAEAP

S' T PRE- XG1CENTRAL• TA13ULATED

TAPE PROCESSOR TAPE PROCESSOR DATA

CALIBTAME

BASE DECK P (SYSTEM

FIGURE 7-1

7.2.1 Measurand Data Base (Project History)

An important part of the engineering units processing system is the
measurand data base (called a Project History File at the US Air Force Flight Test Center).
It contains the parameter identification and calibration information which must be
applied to the raw data. The calibrations are usually stored in two forms: polynomial
and table look-up. (The frequently used linear slope-intercept function, Y-MX+B, is con-
sidered as a polynomial.) With the polynomial method, the calibration curve which is de-
rived from the instrument or transducer is approximated by a polynomial function whose
degree is usually no larger than fifth order. Once the polynomial is determined, only
the coefficients need to be stored in computer memory. With the use of a polynomial
function, care must be exercised that values are not obtained by extrapolation beyond
the upper and lower limits of the actual calibration points which have been measured.
Where a polynomial fit is not possible, the complete table of calibration points must be
entered into storage. Values between points are calculated by linear interpolation.
Table look-up does require more storage space and can increase the time required by the
central processor. This data base requires meticulous bookkeeping to insure the proper
calibrations are selected for a particular test. The project history also offers an
opportunity to decrease the amount of data processing by grouping parameters of interest
to a particular test or engineering discipline and processing only those parameters.
Such a grouping is identified above as a "maneuver." The project history also contains
the data required to set up the real time data systems. This importance of using a
common data base for real time and post flight processing is obvious. (Figure 7-1)

7.2.2 Pre-Processing

The format conversion of test data into a digital tape or computer file
compatible with the central processor is performed by a preprocessor, which is generally
a specialized computer. The preprocessor "front end" is usually structured to accept a
variety of input formats. Data recorded in analog form (direct recording of FM, for
example) must be separated into the individual signals from the multiplexed stream
through the use of discriminators and converted into digital form with anhlog to digital
converters. Digital data, on the other hand, can be encoded in several formats (e.g.,
PCM - Pulse Code Modulation; PDM - Pulse Duration Modulation) and time-multiplexed into
a continuous stream. A special set of instructions (decommutation deck) is used to
select the desired parameters from the data stream at the desired sample rate - which
can be less than the recorded rate. The individual parameters must then be changed
from the particular encoded format (PCM, PDM, etc.) into the format compatible with the
computer to be used for processing. (As a note of caution, a "computer compatible" tape
cannot be assumed to be compatible with all computer makes and models.) The final action
is to insura proper assignment of timing information to the individual parameter values.

7.2.2.1 Data Compression Techniques

There is a constant trade-off analysis required between the desire for
maximum data and the cost of producing that data. The initial preference is to have all
the data recorded on a flight tape available on the engineering units tape. When this
has been proven costly, the next step is to have all of the recorded data available on
the preprocessor digital tape and use the engineering units program to compress output
volume. Volume compression can be performed in the engineering units program but the
computer must still examine each data point and make a retain/discard decision. This
uses the most expensive part of the data processing stream, the scientific computer, as
a data filter. With compression performed at the preprocessor point, maximum reduction
in processing costs are achieved. It is far less costly to digitize and produce an
event time or parameter which may have been missed on a data processing request than it
is to process all recorded data to engineering units.
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e Time Editing

Raw test data is generally recorded for the major part of a flight to
provide data for the test anomalies. The data of normal interest is
somewhat les and the recomsmndation is to reformat only the test seg-
ments of interest. This can be done tnflight by turning the recorder
off, or at the preprocessor station by selecting only time segments ofS~interest from the airborne or telemetry recorded magnetic tape.

F 0 Parameter Editing

In most computer systems for engineering unite conversion, the software
program must consider each word of data, on tne input tape or file,

- even if that parameter is not to be converted to engineering units.
This manipulation adds to the overhead cost of processing. If the
parameter is not on the reformatted tape, the workload on the conversion
computer is less. The process of reformatting only parameters of inter-
est is called "decommutation" and the parameters are identified in a
decoemmutation punched card deck or file which is used by the preprocessor
as a control. The use of time and parameter editing (in conjunction
with maneuver identification in the main software) to reduce computer
running time was investigated at the US Air Force Flight Test Center
with the results shown in Appendix IV.

0 Hardware Compressors
Compression algorithms generated by specialized compressors which can
be used in addition to parameter editing and event time editing are
PSAMP; ZFN (0); and ZFN (1). PSAMP (N) compresnioa selects every Nth
sample of the data, where N'is specified by the test engineer. For
example even if a parameter is recorded at 600 samples per second, the
engineer may only need a rate of 100 samples per second for normal
data processing. A PSAMP of eight would then be uised in the preprocessor
to digitize the raw data. The basic recorded data is still retained on
the initial data tape and can be redigitized at a higher sample rate
for events of particular concern where more data points are required.
It must be realized that PSAMP is in the nature of a brute force com-
pression, and does not account for variation in the activity of the
data parameter. Recognizing this limitatiorL, it is an effective
technique.

The ZFN compression algorithms ar,, by nature adaptive sampling tech-
niques. ZFN (0) will pick out and digitize only those taranoters which
change from one sample to the next. For example, ZFN (0) applied to the
discrete event parameter would digitize only that raw data associated
with movement. With ZFN (0) applied, any change in that parameter would
register and be digitized, alerting the engineer to parameter change
during the flight. Redundant data would be eliminated. This results
in saving of engineer effort in scanning a supposedly quiescent param-
eter for the entire flight, looking for a change.

ZFN (1) compression would permit digitizing of a parameter if the
change in data word was grnater that one bit. This technique is useful
for parameters where only changes of a specific magnitude are of inter-
est or if low bit noise is known to be present in the parameter measure-
ment, invalidating the accuracy of less significant bit.

7.2.3 Engineering Unit Conversion (Reference 15)

Engineering unit conversion was defined earlier as the application of cali-
bration date to the raw counts . At the US Air Force Flight Test Center, the programs
which perform the application of calibration form a block of records that consists of
information op the parameters required for the particular maneuver to be calculated.
Only the ;Aramters in that maneuver appear. Each parameter will have information on
parameter number, digital tape location for the inputs, conversion algorithm (method) and
calibration values to be used. The parameters are then sorted by parameter number and
source and each parameter is then assigned a location in the block called "source order
number."

The calibration programs also do some pre-calibration method processing,
time-search, auto-cal search, etc., before entering the DLC (definition, location,
calibrationl record to convert the data. The conversion program then starts with source
order number one and finds the digital channel or channels required, enters the conver-
sion method, processes the channel information for the maneuver start time, goes back to
the DLC record block if calibration tables are required and then outputs the answer as
innttzuotod by the method into an output block. The program then goes on to source order
number two, three and so on until source number N is reached. It then restarts with
source number one for the next time sample and continues these cyclas until the end time
of the maneuver is reached. The program then searches for the next time sample and con-
tinues these cycles until the end time of the maneuver is reached. The program then
searches for the next event time and starts all over with source order number one for
the maneuver involved in that event from start event to end event time.



The conversion functions used depend to a great extent upon the oomplexity
of the data, type of calibration and recording method. The generalised engineering unit
conversion program at the 03 Air Force Flight Test Center contains forty different con-version methods which have been added over the years in response to changing inatrumnsta-
tion systems. During proceesiog, only the applicable methods are selected for use. Some

mtypical methods are:

9 Mask Function By Parsaeter

This allows for multi-word operation by "nasking* (blocking out) select-
ad numbers of bit* of input and apply the logical *OR" function into

selected numbers of bits of inputs.

a Wait Function

This is performed for multi-parameter operation where parameter A is
masked and stored and waits for the appearance of parameter S before
proceeding.

e bit Match Function

bits from selected words are compared for match or non-match (as de-
fined previously) to identify halt in processing.

e Data Type Conversion

Conversion to binary can be performed using several computational
methods:

Two's Compliment
Signed Binary
Two's Complimen: MSB (Moat Significant Bit) inverted
BCD (Binary Coded Decimal) decode
Hexadecimal Decode

9 Table Look-up

Calibration values are selected point by point from a two or three
dimensional array with interpolation and/or extrapolation.

& Polynomial Fit

Coefficients for polynomials up to fifth order are stored and used to
define the polynomial.

7.3 INTERMEDIATE MERGES

The engineering units data base can be composed of data derived from
numerous sources: airborne magnetic tape, telemetry recordings, trajectory information,
weather data, systems constants, and correction factors. A typical data merge used to
support testing of a gunnery computer system is shown in Figure 7-2.

INTERMEDIATE MERGES
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tha primary proms of the merge preee Is to areate a new intermediate
data b soompoed of data frm multiple sources e••essed in engineering units which
can be used as input into the Analysis Progress. In merging, oeV Ot be exercised in
both paramter and timing constraints. Nnt comuter programe viii halt if a timing
overlap forces it to go "baokwards in time. Likewise the disappearanoe of a parameter
from one location and its re-margence in another location will oase a psogran halt.

• •764 ANALYSIS COMM12MON

This phase of data analysis is arguably the most Importat general area
of handling flight test data. go far the Information gathered during the flight test has
been proosesmd Nino calibrated engineering units data which represent the r~al informa-
tion gathered during any parti•cular test flight. This data, which may be On disk at an
oampalter compatible tape, has been referred to aboves as the data bass. he such, it can
be fed into existing file information for use during future engineeringj work on a

similerly fitted aircraft, or it can provide the basis for developing the derived infor-
nation on the flight for use by the aircraft or system designers. Typical analysis flow Is
shown in Figure 7-3.
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This analysis may be carried out either withn the flight test organiza-

tion which has been responsible for the aircraft test program, or the data base may besupplied to other organizations which have an intereut in analysing specific data
gathered fro a flight performed by somebody ele. For example, in the first case, the
whole proces of handling data from a flight test withDn the Boeing Coinrcial Aircraft
Division in carried on within the flight test data analysis facility. An example of
the Cecond case in wherd normal output of flight tei t organisations such as the Flight
STest Center at 34wrds, California and the NLR in Amsterdam, Netherlands, is a data bass
which in addition to being used by the test center, is transmitted to other organizations
such as aircraft mnufacturers and design groups who are outside the control of theS~flight test organization.

Typical areas of final processing include stability and control parameters
derived either by steady state techniques or parameter identification, aircraft and
engine performance measurements, trajectory measurements including take off and landing
performance, frequency analysis of both flutter and vibration data from aircraft and
handling qualities analysis. Typical software packages were described !n Section 5 and
Appendix 1.

7.5 PRBSZZThION

Presentation is an essential segment in the data processing sequence. It
is in this part that the information derived is output in a format which is acceptable
to the user. In general, this presentation takes two major forms - tabular listings
and graphical printouts. Samples are shown in Appendix V.

Tabular listings retain all the precision of the original computation and
may either be provided by teletype outputs, which is rather slow, or by high speed line
printers. These tabular listings are generally favored hy computer engineers as this is
the normal output from computers used throughout industry.

Flight test engineers and designers frequently prefer graphic information.
This is normally provided by a variety of plotters including electro-static plotters,, X-Y
plotters, strip chart recorders, etc. A recent application of this technique, which
provides very high speed output and also interactive response with the analysis engineer,
it is to use a cathode ray tube display of the data, associated with a hardcopy unit



which ama be activated once the displayed data is to the satisfaction of the analyst.

7.6 VMIDnAYOU AyD" ZIIfPIh TZON

This is the essential phase between the final proessinG of the data in
the compter and the writing of the test report. The first op us ly accomplished
during software developmant and cheokout, is for someone to validate the output of the
computer. This can either be done by checks within the compter program by the computer
processing personnel, or it may be left to the flight test engineer when he is presented
with the output data either in tabular or graphical form. Whichever way, the validation
met be dome with a broad understanding of the purposee of the test and of the computer
toohniques employed to analyse the data. Incomplete understanding of either of these
matters can lead to Incorrect information being accepted at this final stage. Once the
flight test oglneer has accepted data which has been valibdted, the next phase is the
interpretation of this data. This consists of taking the test results and comparing
them with the theoretical models of the flight test exercise which has been performed.
If these toot results conform to the theoretical model, then the values of the parem-
stere that have been measured and calculated can be determined from these test results.
If, however, the results do not con•orm to theoretical background, it may be necessary
to go back to the computational phase to check every step of the process to try and iden-
tify wt the ca•eu is of the lack of compatibility in the data. This may well be due to
a true difference in the flight test data, in which case, the necessary remedial action
cam be taken. It can, however, sometimes ar-ie due to apeculiarity in the measurement
and data processing chain which needs to be eliminated before the final information is
accepted. in other cases, the theoretical or wind tunnel data may be wrong. in either
event, the total data acquisition and processing chain must be reviewed step by step to
insure data from one phase in the processing is passed to the next phase without change.

The final step in this phase in to publish the results in the test re-
port. This is the stage at which the flight test engineer must consider whether the
test results really are a relevant answer to the problem for which the test is being con-
ducted. The test report should, for this reason, always point out in its conclusions
whether any resining uncertainties exist rather than to have them discovered later.

8.0 MRTh PROCB88EIN CAUTION AR•S

8.1 DATA VOLUME

Airborne instrumentation technology has enabled the measurement and record-
ing of huge munts of data. Though this allows a greater assurance of measuring the infor-
nation required to test the vehicle, it results in considerably more data being recorded
than is actually required for engineering reporting of the vehicle test results. These
volumes of data are of such magnitude that it is not economically practical nor should it
be desirable to process all of the data through computer equipment. To do so results in
(1) unnecessary program dollars being spent on data processing, (2) proliferation of
excessive computer facilities and equipment, (3) increasing the turnaround time to get
final data into the hands of the test engineers, and (4) burdening the test engineers
with great volumes of data output that require his time and effort to separate the needed
information from the data. It is not the function of the data processing organisation to f
determine what volume of data must be processed to meet the needs of the test engineer.
This determination is made by the recipient of the data. What the data processing
organisation can do is point out the impact of excessive volumes of data in terms of oust,
turnaround time, and saturation of the data processing facility. In today's technology
the test engineer reviews countless reaom of tabulated data or graphical representations
to soqreqate those seqments required for the test report. Future systems, using inter-
active *smart terminals" capable of presenting both tabulated and graphical data on a
CRTwill permit such scanning for events of interest to be performed more efficiently.
A word of caution, however, the data base or file which foods this smart terminal must
still be created by the application of calibrations to raw counts to produce data ex-
pressed in engineering units. If restraint is not exercised in the initial selection of
data to be processed, then all that has taken place is to substitute a very expensive
remote terminal for a line printer. Volume redtction must be used from the very first
step in data processing to avoid spending the major portion of the allocated funds on
data which ends up in the trash bin.

8.2 DATA RAMRS

The rate at which parameters are sampled are usually those which represent
the upper limit of the transducer, signal conditioning and telemetry or recording system.
This is desirable since it will give a raw data base the maximum intelligence it is
possible to gather. The information required for the test report is significantly less
than that recorded and a logical point at which to start reduction is with the sample
rate selected for conversion from raw data to engineering units. The output of a line
printer for thirty minutes of data at a thousand samples per second is indeed awosome.
The use of time and parameter editing techniques coupled with cascading compression
algorithms can reduce the data processing task significantly.
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mEPIAL MLOT tugn? orm=S PmOMIS

x.*1 INTNOUCTION

"Setion 5 contained a 9genral definition amd description of the software
proremreqvired to produef flight test results as a usable form of data. This appendix

aecie the types of software peculiar to each of the major areas of engineering units,
Sanlysis, and real time processing. flue camei listed are not purported to be all
Inclusive# but rather as a typical array us in flight test work.

1. 2 OIIMORZIU UNITS PROC3SSING

Tltsical parogri in this phase are used to provide preflight control
information, do dee system and instrumentation calibrations@, maintain measurand datat
base, control data editing and data compression. and oorrelate airborne data with ground
data.

1.2.1 CumrvVile

The Curve Vile program maintains a file of curves, constants, and identi-
fiers in an on-line wass storage ~unit for selective retrieval. lbs Curve File is an
active file that undergoes frequent changes in contents which are Input via cards or re-
mote terminals. The Curve File consists of an index section which Identifies particular
tables in the file and a data section which contains the tables of constants, tables of
identifiers aad tables of curves. 'thus the Curve File structure should proide for the
filing of many tables which can be referenced by several airplanes for which may table
nomse apply and several test nueers can be associated with each table nams.

1.*2.*2 Flight Test Instrumentation Resquirements (FTIR)

The FY13 program maintains a file of the measurement specifications for
the instrumentation that is required and authorized for the testing of an airplane. Thue
FT13 consists of a Hodel (or master) file and at least onm Airlane file. The Model
file contains the spectifiations of each measurement required to test a particular air-
plane modal. The =ipane file associated with teach test airplane of the same model
contains only those measurement nambere authorised for the test airplane. Nout of the
data are input via punchted cards and selected parts of this data are also used by the
following progroam:

1.*2.*2.*1 Test Item Nsasur6esnt Requirements (TRIE)

'The TIMR program maintains a file of active test itwn and their associated
inasuroiants numbers. Information related to the test Items is Input by cards,* and the
descriptions of the measurements are retrieved from the FY13 file.

I*2.2-*.2 Request for Instrumentation Preflight (RIP)

The RIP program produces an on-line storage file of the instruowntation
inasuto required for a specific test on an Individual airplane. The UP? progra

marges Information from the FY13 and TIMI files to generate the file of required test
00asuremts. * he RIP program then calls the FYIC progran to produce a preliminary
listing of the smasureomets for Instrumentation engineers to uss during preflight work on
the test airplane. 2he RIP file Is 'cleaned off" periodically in the interest of
econom.

1.3.2.3 nlight Test Instrumentation Configuration (?TIC)

The MYC program maintains a complete and current file of the instrument^-
tics Installed on each airplane in test status. The file cam contain all calibrations,
or have only the most recent oconiguration accessible. Within each airplane file* the
conftigtlatin is stored and accessed by recoafer numer, recording medun, track awzert

cIne numer, and when applicable by sdabduawne and hit womer. A prelimisary listing
of an airplane file is generated by the program ter the e"ngiee to use during a pro-
f light check of the airlane Instrumentation system. Any Instrumentation changes made
prior to or during the test are input to the program wich them produces a final inotru-
muntation configuration listing for the test and automatically updates the Arrangement
and Calibration File (A/CIP).

1.2.2.4 Transducer Calibration Vile MrC)

the "C program computes the calibration coefficients for treasduourin by
applying a polynoMaia fit to test results from the Calibration Laoratory. The data are
input to the computer either by cards or by using a remote ternmial located in the

saortory. Access to the file is by transducer number. The coefficients are stored on
an on-line mass stotage unit to be retrieved by the A/CIP program for me in calibrating
flight test data. The data may be output either on cards, as plots. or in printer
foreats.



X.*2.*235 Arrangement and Calibrottloa File 4A/C)
Ike ~IU rorM prop""e amd Maintains a file Of the calibration Talme.

amtetaiAh" I rrauyf It for eack measurement numer to be used by casusprgrss asin rt t ile is, U established for each flight teat airplane usingthei 1ate
avaiabl inthe URMCand VC files, as well as punched care and remate terminal

inpt tq re=rd Zormally, the Gatek arteree a narl ilse byyabn order-
e% i aetn WIth maumt eodr, tao:k, a tst '~rsalor the file ayb
aeosseed by test womer only In which cae' all the aasrmm ssaociated with-the test
ate retrieved. Optionally. ak file may be accessed by test., recarer, and track nuemea
to retrieve a"l the - -surements recorded an that track. Fellowmng actveu ae the
*separate and complete A/CIP for an individual test may be sorted cm a hisotoricltape.
the A/CF output may be listed cm paeps r atpuche an cards.

I .2.*2.*6 Arrangemnt/Calibration File Plot ýA/OFF)

The A/OFF program produces a graphical representation of the calibration
function of 4 maasuORit. Plots for Specific msieartmts as file Or for the entire
file may be obtained depending on the acctessig request. The file is aoceseed by air-
plane number* test number, amid sort code to obtain plate of the entire file. inputting
specific measurement numnbers in place of the sort code generates plote for only the
Nmesuremets* The plte are used to facilitate converting signal reference values to
enigineering uaniswerqued

1.2.3 Test Accountability (Th)

The IU prograri in primarily responsible for maintaining status of Flight
ftest Maginesering Work Authorisations and Test Items associated with airplanes in the
flight test inventory. the status naintonanoe is accomplishe" using major files and sub-
sidary files. The major files provide data storge" and retrieval capability with acme
automatic croesfeed or Gata between the files. Mhe subsidir file@ coutpin data of a

comparatively permanent nature. "roram input in acomplshe using primarily magnetic
tapes although punched cards say also be used. The oautu may be listings.

1.*2.*4 Flight Test Uquipment Management (FYSM)

The FYUn program maintains a file of all accountable equipment in the
Flight Went inventory The information and data are stored on an on-line mass storage
unit such that the ftle may be added to, revised, or deleted as required. The PTOK out-
put is tabulated ýs iarious equipment lists and siawry reports of Calibration Laboratory
activities.* A historical file is also maintained to facilitate evaluating individual
items of equippent and to provide statistical data regarding laboratory workloads and
group performance.

1.2.5 Pilots and Flight Itnginears Records (FFPM

The PwE program maintains and list*, when requeted, aimlator and flight
information acquired by test pilots and flight engineers. In addition,* the program will
develop currency projections for crew members of the Flight Crew Training.

1.2.6 Airplane Configuration and Status (AC&S)

The AC&S program maintains an up-to-date record of the present and past
Configuration of on airplane as long as the airplane remains in the F light Test inventory.
The information is processed amid atrranged so that a record Is always available of the air-
plane configuration existing at the time of each numered test. The information can
also be sorted in a variety of ways to mant the objectives of participating organinations.

A numer of other data files, cost files, and libraryt location filesan
be kept on this system and called up as required for the analysis or a particular flight
test. the output data from this pat of the system is fed into a calibration stage which
reads, edits, and calibrates the fIligt data which has been produced in a format suitable
fer the computer. This say be dons for FM data in a ground station, fromn airborne tapes,
or from telemetry data. Card data can also be used as an input to this stage and the
calibration data Is used by a numer of mathematical techniques to ensure that the output
of the Initial analysis system is in the form of engineering units which can be printed,
plotted, or handled ia a data base for further analysis.

1.3 A*ZT8IS PROC3SSIN

,This phasee Is normally found in batch processing systaem and is used to
process test data recorded on magnetic tape or disk. Some of these programe can be
operated separately using the calibrated data from the engineering units phase while
others operate as a system of integrated program.* The primary function is to conduct
standard repetitive calculations of data or special calculations defined for the particular
flight trial from selected test data. 'the output of mot of these systems is in the form
of tabulated lItig or plots and special program are available to handle this particular
aspect of the analyis.

I .3.*1 Gross Wibigt-Center of Gravity Program (01M6)I
Th- am06 program calculates the gross weight and center of gravity profile



*f as sigM*e for MW :Ies flight.. Mu al data input to the prIsram is provided by the

cam Pile proena m the enineerlng units tap.

I.)a Genmael Calinalatieo and AVege (WAR) Program

The ar pst rm gives the equeUtig engineer the .POility to OpseOiy,
at -_ t ti, a v mV Calmlation to be perrosme on time history variables."ah &iehstory variables m~y he the output of mny other Ft" ftta Syse•m Ft~rms ex-
sept LZ28 and PO or they may be card isput data. The calculation a" be a standard
calculation or an sqation that Is speci•itd ou the data request.

2.3.3 basic plae (o M Program

This program calculates the basic airplane parameters of airspeed, alti-
tude, ambient air temperature, and lift ooefficient. The input data required for these
parameters are impact pressure, static pressure, indicated outside air t•ehsture, and
gross weight.

1.3.4 Engine Porformance (3P) Program

This program Computes the performance of one, two, or moae turbo-)et
engines at one timm. The input data consists of the BA program output and of normal
engine parameters such an compressor speeds, exit temperatures and pressures, and fuel
used quantities.

1. 3.5 ngine Fuel Flow (BPF) Prograi

This program calculates fuel flaw rates and specific fuel consumption
for individual engines, total flow rates per airplane, and average values of the para-
stere for each condition.

1.3.6 Airplane Performance (Al) Program

This program computes the values of parameters that describe the perfor-
mnc, of the airplane during steady level flight conditions. Normal calculations assume
that engine thrust it parallel to the flight path and the rates of change of airspeed and
altitude With respect to time ar constant. At high angle of attack angine thrust is not
parallel to flight path and a oorrection is normally included. o linput are provided
by the Curve File, Basic Airplane, Engine Fuel Flow, and Engine Perfoxmnce program.

1.3.7 Time-Space-Position-Informition (TSPI) Progran

This program compates airplane position, attitude, velocity, and accele-
ration using data from Cinetheodolite systems. The film associated with each system is
semi-autonatically read and the atimuth and elevation data punched on omputer cards or
entered on magnetic tape. The data are input to the program to co•pute the TSPI.

1.3.0 Automatic Approach (AR) Program

This program computes the automatic approach data that is pertinent to
evaluating the ground facilities and airplane system used during instruemnt landings.
fte position of the Instrument Landing System (ILS) beaums and the relative position of
the airplane to these beams are determined by the program. Normal input data is provided
by the T8il programi output and by the glide slope and localiser deviation signals re -
Corded on-board the airplane.

1.3.9 Static Port Survey (818) Program

This program computes a position error correction factor for each of
several static pressure sources based on data taken from the static sources and from ono
of several reference systems. (8sference 16). The Input data are obtained from the Curve
File and basic Airplane Proqraa.

1.3.10 Pressure Coefficients (PC) Program

This program computes the pressure and pressure coefficients for the
static points on the periphery of a specified crose-section or sections, and also com-
putes the normal chord and moment force coefficients for each section. The input data
are supplied by the C&BA program.s

1.3.11 Sideslip Angle Calibration (BETA) Program

This program applies aerodynamic calibration to sideslip differential
pressure or sideslip vane angle data to provide sideslip angle data. Program options
are prOvided to transform kinematic data and airplane smoints of inertia from body as*@
to stability axes and principal axes. The input data are provided by the Curve File and
basic Airplane Programs.

1.3.12 Inlet Pressure Survey (UPS) Program

This program calculates the distribution of total pressure and pressure



AIA

recovery aerose the inlet of a turbojet engine. The output of eaoh angular ring of
pressure probe* is calibrated by the Curve program and, together with *A data, are input
to the IP8 program.

1,.313 Nacelle Cooling (NACL) Prop an

This program corrects the teat-day temperature values of engin oomponents
to the equivalent hot-day values. The Ca&h pr9,urlm provide the input data.

2.3-14 brake Inergy Program

This program computes the brake energy and associated parameters required
to evaluate the braking performance of an airplane. The method is termed indirect be-
cause the energies and fores are ot a•avured directly from the brake* or wheels but are
calculated using summation of airplane fomres and integration methods. The input data is
aotally provided by the MMCG, -IM, IA, and P programs.

1.3.1S Braking Force and Ififiancy (MUaP) Program

This program computes the braking force and efficiency data to indicate
the performance of a wheel while braking. The input data are provided by the Curve and
T5110 programs.

..3.14 Strain Gauge ridge Response Least Squares Fit Program (Reference 17)

This program computes the attain gauge bridge responses to &%ecfied
target loads, then develops a least squared line from the data and computes influence
coefficients standard response coefficients, and deviations of the responses. The input
date are provided by the Curve program or punched cards.

1.3.17 Frequency Analysis (FIPJ) Program (Reference 2)

This program can analyze any measurements in the frequency domain, but
normal operation is to provide power sp&ctral densities and autocorrelation values for
input measurements.

1.*.*1 Structural tons Load Level Program

This program determines the sero load intercept for the complex calibre-
tion equation associated with a combined arrangement of strain gauge bridges. Several
arrangements are used to measure the shear, moment, and torsion loads on the airplane
during flight load survey testing. Normally, the program evaluates the linear least
squares solution of the load verras factor data for each test condition. The required
input data are provided by the Curve and BA programs.

•.3.19 Structural Fatigue (BY) Program

This program performs a statistical analysis of the structural load
eyclet as concurrently related to a relatively stable average load. Loads recorded
during flight through turbulent air are particularly suitable for this analysis. Re-
quired input data are provided by the Curve program and optional input is proviSed by
the GNCG, oh. and Structural Zero Load Level program.

1 .3. *0 Flying Qualities Program

This program covers a vide area of aircraft handling characteristics.
Stability and control data Is calculated fEro level accelerations and specialized in-
flight maneuvers such as side-slips, rolls, stalls/spins, roller coaster, and wind-up
turns. Similar information is also used for the standardization of stability and con-
trol data and this information can also be used as a direct input to a number of the
other programs described above.

1.4 RIAL TIME P••CSSING

The basic programs used in these types of systems are very similar to
those described above for engineering units and analysis but, because of the problem
involved in thes systems, special considerations have to be covered. Esmential tasks
for real time system can include the ability to display in engineering units any param-
stars being recorded, to provide limit tests on any of these parameters being recorded.
and to provide the ability to perform mathematical computations for advanced analysis
and to display the results,.

Typical program s aret

r. 4. 1 Cruise Performance Program
This program is a systoe application program which provides neat-time

and summary data for analysis of airplane cruise and drag performance during test flights.

The program provides data in engineering units. Operator instructions
ter ontol the display of tis information on a monitor screen, remote display panels, a print-
ot, or &"~log devices such as oacillographa, for analysis and deciiona during the test flight.



The Crains Performmnce program will use measurements from the date acqui-
sition system, Basic Airplane Paramters program, data files such as thrust curves, and
operator supplied constants and optimsa. The progrem will calculate pressures, tempera-
twmes, alrspeeds, draSg fuel flow, thrust, slopes, and standardised parameters.

1.4.1 Stall Pertomanc Program

This program is a system application program which computes parameters
useful In analysing stall performance of the airplane during test flights. The program
will display some parameters in real time dunn a test condition and then compute
summary peramet"a in an Inter-maneuver mode. This necessitates temporary storage of
sme time history data during real tine processing. An operator will control the start
and stop of the real time processing. The inter-maneuver mode calculations will automat-
leally be done upon the receipt of the command to stop real time processing. All of the
nozmal monitoring capability within the system will be available during both real
timm ad inter-maneuver made except for display on the printer. A printer/CM! display,
or stripchurt can be used for displaying a special time history printout as well as a
condition summary by the Stall Pesforuance program.

I. 4.3 Take-Off Performance Proqran

This program calculates parameters which are used to monitor aircraft
take-off performance. Aircraft position, velocity and accelration can then be displayed
in tabular or plotted format on a CRT.

1.4.4 Basic Airplane (ZA) Parameters Program

The BA program cooputes and displays on request, the basic flight test
data parameters of airspeed, altitude, gross weight-, and lift ooefficient. It can be
operated concurrently with other programs to provide input data to those programs.

I. 4. S Power Plant Parameters Program

The Powr Plant Parameters program is a system application program which
calculate, parameters that are useful for analysing power plant conditions during test
flights. All output from this program is available for display using the peripheral dis-
play devices. Condition average values are displayed on the printer automatically when
the stop command is entered.

114.6 Loads Program

This program computes structural load parameters in real time for in-
flight monitoring and analysis of test flights. The program produces a variable number
of shear, ..ament, and torsional load calculations and concurrently checks a variable
length list of measurements for out-of-limtits condition. Buxtensive options are provided
to allow operator control of equation selection, modification, allocation, and activa-
tion.



APPENDIX 11

SAMPLE COMPUTER PROGRAM SPZCIPIChTIONS

II IThe primary purpose of a Program Specification in to identify to the soft-
war* developer the cceplete computational requiremut. It serves a abecondary purpose in
that it requires the pi~j ect engineer to define the required parameters, input and output
constraints:, computational processes, and expected products in a rigorous fashion.

11.2 This appendix contains an example of a program specification vhich was ex-
tracted from an overall flight test specification. It is meant to be illustrative and
no attempt-in made to define ter~s or explain content in detail.

11.3 Samples of Pro~rams Specigications

AIRSPEED/AL77rTuD TRAJEC70RY INYDRMA77ON

General Description:

Herein, "traejctory calculations,, refers to the calculation of the following par-

meters:

(2) rate-of-change of tapeline alUtude (lit)

(3) gooptmtalaladatitud (aHt) d
(4)~w enrywegttH,

am-board meahu.'-ements of airspeed end altitude are the basis for these calculations.

(1) spherical. non-rotating earth nho centrifugal relief from the force of gravity).
(2) constant gravity (32. 174 ft,/eec2 ), making geopotential altitude equ'l to tspe-
line alti4tude.
(3) no accele-ratious caused by wind gradient..

lbese assumptions are acceptable for a subsonkii relatively low performiance aircraft.

Sabroutine WITEST assumes that in the equation for geopotentlal eltitur~e,

a 4+h gr

that

a

and

5 SL 2 hence Rt bt.

RETEST compute. [T a, + Tat] [ i]

h tl = h ti1 +96.0339 2 1 i

~Et Ht + t
64.34810
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Subroutine DulFR is called to numerically differentiate

XEt - dH t/dt
and

•i - dht/dt.

The flightpath angle is computed,

adYtinsinl -J COPT

and DIFFER IS AGAIN CALLED TO COMPUTE

-t m dVt/dt.

Finally, the normal load factors are computed,

n B t

- 00 Vt+ tt
w 

t
n coo )'t + Vts

HETEST then returns to the calling program.
Input

Parameters

The following are the input parameters necessary to process data through link 3A of the
UFTAS program.

LINK 3A INPUTS (B - file)

ENGR. FORTRAN UNITS Sample Feasurement

Symbol Symbol DESCRIPTION SOURCE (Maas. List) Rate Number

hct HCT Test Pressure Altitude Link 2 ft.

P at PAT Test Ambient Pressure Link 2 lbf/ftZ

Tat TATK Atmospheric Temperature Link 2 K

Vtt VTT Test True Airspeed Link 2 ft/sec

The constants necessary to direct the program flow are input through
common blocks. These blocks are shown below.

ENOR. 1 FORTRANr NR i ~IFRTRANI1
Symbol UNIT8 SI VALUE UNI [VALUE UNITS

COMMON/ALL/ COMMON/LIDATA/

iLUO Elm4 1

Ms. 10

*To be determined by the progremmer. MF 10

NANC 0

SDIF I

Tables. No tables are required to process the trajectory information.
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111.1 AUTOMATED FIGH TEST DKI SYSYSI (AlTDS)

The US air Force Flight Test Center system for real-tie processing and
display is called the AFTDS* APTUS consists of both hardware and software to perform
real time on-line flight test analysis. the characteristics of this system are designed
to increase the probability of saf* and timely completion of a flight test program byl

* Providing quality control of each maneuver and allowing the test conductor
to direct repeats of invalid maneuvers.

a Monitoring selected instrumentat ion throughout the flight both for safety
purposes and for instrumentation system health.

9 Displaying engineering data in a readily understandable form.

* Faster envelope expansion due to on-line evaluation.

e Reducing data time for selected engineering units data.

e Providing preliminary data plots or tabulations which in some cases may
replace output by batch processing

Shown below are the four basic hardware subsystems of the AlTOS and the
functional responsibilities of each. The AlTDS system integrates a telemetry formatting
subsysteim, a preprocessor subsystem, a central computer subsystem, and a display sub-
system into a real times flight test analysis capability. From the Flight Analysis Sta-
tion (IFAS) console, a flight test engineer can direct the system to acquire, condition,
format, and display the particular data parameters for real time analysis. Theme func-
tf~ons are applicable to mioat real time displays and analysis system.

I,~uNL~~h SUBCSYSTEM SUDSYSTU'BUM S I - I i~
a ACQUISITION o DECONNUTATION o MUJLTIPROCESSING o ANALYST CONTROL
a CONDITIONING o SYNCHRONIZATION o CALCULATIONS IN a TEST CONTROL
a REFORMATTING o NORMALIZATION o APPLICATIONS a PRINTED IMAGERY
o SWITCHING a LINEARIZATION SOFTWARE a STRIP CHART
o RECORDING o LINIT CHECKING o SERVICE DISPLAY DISPLAYS

o DATA SELECTION SUBSYSTEM4
o EU RECORDING a READ/WRITE

PERMANENT FILES

FIGURE 111-1

AlTDS single stream operations provides one telemetry stream input, and two
data stream outputs utilining tim TeleSCOPE 340 operating system. The displays include
two moster cathode ray tubes (CRT), three repeater CR~s, and three analog stripchart re-
corders.* The hardware required for the system is shown below:

TZLZNWM PROCESSOR PROCESSOR 39 C1t AR

FIGURE 111-2
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e $yt 8ot theIis is the operating system software resident in the
CUM74durngreal tim -goesing opwaatiene. *it provides the basic

capaility for the em aat (time-shared polio-sging of ArmW, Mad air-
craft or project-unique pealvem.

e Interface software - thin category includes a numer of a wot and util-
ity pagam sd to a@&,at in nfL1eriap the system for real time opera-
tions. Like the omereting system so ýMw these programe are transparent
to airoraft/projeat differeowl.e

*Applications Software - Of prime interest to the user, this category
includes all software written fot the particular aircraft test program.
There are several standardised routines which perforrý comma functions,
and a number of aircraft unique programs, termed O~ast Analysis Packages'

* (DAPS) .

e MP* are written in PWWMU, the soot widely used programming language for
on iearngandthe software is broken up into cocnvenieat packages to
sui th usr'stest objectives. For example, these packages might be

broken up into the engineering disciplines of propulsion, flying qualities,
or fire control system for some projects. Very acoprebensive projects
with large input parameter lists might further subdivide DA~s, for exam-
ple, flying qualities might be broken into a longitudinal stability
package, a dynamic response package, an maneuvering stability package,
and a control sweep package. For a given set of instrumentation para-
stoes, up to thirty such Dkas may be initialized at one time.

e, DAPs can be loaded and changed between maneuvers. Packages which are
inactive during a particular maneuver, and which are to be recalled dur-
ing a subsequent maneuver, bae" the capability of saving and restoring
values calculated during previous maneuvers through the use, of permanent

KU*1 .1. Stripoharts

The analog trace of the signal way also be displayed in real time. The
telemetry signal is passed through ground station discriminators which extract the data
stream of interest. Frequency Jbdulation (MN signals are then routed to strip chart
recorders. *for P4150*4 Code Modulation (PCN1) signals, a frame bit synchronizer is required
prior to conversion to an analog signal. the raw data can also be converted to a pseudo
engineering units analog trace by the application of calibration data through the use of a
moderate speed processor.* The same system may &lso be used for post flight quick-look
through urn of magnetic tape as shown below a

DATA FLOW STRIP CHART

STFIW UN 1-
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wpurzE IV

CMLr PMiOCa t UIT (CPU) 7E InC!Tz0

v.2 1TEST ican m ECM CPU tI=n

To iMPEWo data tOuuermM time end lower the mcet of data proce• ing,
"Wsl a eest eWere SM to evaluate pIanter and time cumpresesio techniques at the
" oimOseer a4d is the eNgiSeeing Umits PRMoeesa proram. Thme are show in Tebles

I--2. 5o peranmter muspresalon caees we" rut oae for stability and control,
whabh pRoesoed fifty-.me paraterag end ome for performance and propulsion, which pro-
cemse" Lxt,-L paremter. It" omreaIt was achleved by reducing data tine thirty
seooads. T ooluae labeled OEM* and OAWO repreesent the preprcocesor and engineer-

ain unite data proceaeiag Gments.

IV. 1. 1 Sesulta

Test came I represents a baseline condition where all one hundred and ninety-
five r parseis m proeed for total data tcd of sixty seceeds. Tedt Cae, 2
shows the savings In aemputee costs (CPM seconds) achieved by tim editing (note a fifty

ret decrease in event time yields only a tbLrty-fLve percent decreae In CPU tim
e of the syStn overhead , tiM required for search, and access). Test Case I is

again show as beeline. Test Case 2A ehobm the effect of paramter editing in the engi-
neering unite processing for stability and control pearmters. Teat Cae 23 shows the
effec: of both tLm and paramter compresion in the engineering unite processing, agin
for stability and control. st C 3A and 3aboe the am respective cames of per-
formence and propulsion. This net of comres•ion aeimos that nothing ie done at the
preprocessor level.

The net set of test cases sho the cascade effect of applying ompresson
at the p p t h first section (Test Cases UA, 23. C, 2 an C0) Chowe the
effects for stability and ctrol while the second mstim (3A, 3, 3C, and 3D) ehms
the effects for performace and propulsion.

am===3313 UNZtS TUSt CASES

Total Parameters: 13I Paramiters

stability and Control Parameteres 51 Pariters

Performance and Propulsion Pareasterst £6 Pareters

Wo Tim Eit 1 10 Seconds Cal and 60 Seconds Event

Tim Wlitt 10 Seconds Cal and 30 seconds Event

133! -SAW@S CPU tIN= 0 t
culE TDE PAmmi!R TIM PARAMETE aECUDS IN CPU TIM

1 No Tim MdLt All No Time jdit All 230.313 ae" Line

2 No Tim EdLt All Time Edit All 182.043 35.0

1 No Tim Zdit All No Time Wit All MC0.313 Ease Lin
2A No Time Edit All No TIM Edit SWC 125.776 55.1

23 No Tim Edit All TIM Edit WO 94.201 46.4
3A no TIM dit All no Tim Edit PIP 154.190 44.9
33 TIM Mdit PaP 112.837 59.5

tAuza IV-l



2aa tr a~i ~ amna SOUS i uA so Tim Bait AllU fti flo l"t Mae 129.774
U so T mI lot All flow Wit SC 94201
ac me Tm m lt Sac ms TIm molt se•6 9.7461 79.7
20 TIm N3t WO tio wlt SoC 34.749 16.0

A go Time Wilt AlU Ut Tum Dlit Pap 154.19
35 Uo Tim Dolt All Tim Smit PaP 113.83?
W N Time Wilt Pap so Time Dlt par 73.924 73.4
30 Tim mit POP ilm 2"t Pat 47.32 63.2j

TAMeA IV-2

1

The majoar coslusion to be drawn from those tests is that Parmeter aM tim
are M91y valuable teh•aiquee to be used to red.oe the volum of data proces-

Ime sbhts data. trmaremAd time , a low" the mat of data Paeee•tna. For the oase:
*Me 00809""e in so see" is the it oea be mses that eaviage in as.-
puto run mge ae•ievable. As eqwtaUy comeaulmi in that the earlier in the
data processing stream this ompresiona cOa be iatrTaftu, the mSoM Sigmifiamt the
saviNg. A furtber additional fitt, Vroven Ony oyer the log tim spm, is that
fewer ermns are required when all extromneO data and proosesiog atepo are eliminated
as early as possible in the date pr•Oessitn stroem. IMe end result is sborter turn-
az"Ad time for data at lover meat.

I

N-_ !



APPMOqIX V

V t

V. thise appendix on~tains sample data proftate~ Produce at the Arm tJLhis met

of sawle eases are taken from several test* and aircraft, primarily to show diversity.

The following ample* are sho"t

* V-i Isbulated radar track data.

* V-2 Tabulated takeoff data derOind froM CLnotbeodOlits track-

a V-3 Tabulated landing data derived frm Cinetheodolite track.

0 V-4 Graphical presentation of takeoff data derived from Cinetheodolite track.

* V-S Tabulated calibration data for a single parameter.

* V-I Graphical pmeaentation of calibration data for a single parameter.

* V-7 Project history entry of parameter data.

0 V-8 T-abulated engineOring unitA data-

• V-9 Tabulated analyais data.

e V-10 Analysis plots.
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14.Abstract
This Agardograph is the 12th of the AGARD Instrumentation Series and describes the
application of data processing systems to produce data in support of flight testing. The
generalized techniques are appropriate to large test centers which support multiple testing
programs simultaneously. The concepts, however, are as equally valid for a single test
program using a dedicated data processing system.

Starting from a discussion of data sources, the text proceeds to a review of the considera-
tions required prior to data processing. A simplified discussion of two major components of
data processing - hardware and software - follows. The volume then looks at the third
major component of data processing - the people to make it work. The data processing
in support of flight testing is described according to processing functions. An attempt is
then made to identify potential problems areas

Since every organization which conducts test flights develops its own methods and
techniques for this purpose, it is not always possible to give specific details that can be
universally applied. The intention is to present a general outline of the methods,
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